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PREFACE 


This Active Microwave Remote Sensing Research Program Plan is the culmination of an intensive nine-month effort involving 
over 100 scientists and engineers. The result is a carefully structured program of research and development designed to clearly 
establish the value of synthetic aperture rodar image data in a number of specific application areas. The need for proceeding 
vigorously with this program is due in part to the challenge from foreign governments for scientific and technological leadership 
in this important field, and from the recognition that visible/infrared remote sensing, although enormously useful, is unable to 
fully address the data needs in several important applications rreas. The indication that octive microwave remote sensing tech- 
niques have the potential to satisfy specific earth observations data needs, particularly in cloudy environments, is thoroughly 
documented by a series of annual studies sponsored by the Johnson Space Center beginning with the Active Microwave Workshop 
in 1974. 

This planning activity was conducted by the ERSAR (Earth Resources Synthetic Aperture I .udcr) Committee which was estab- 
lished by NASA in 1979 to define the role of active microwave sensors for future earth resources observations programs. The 
Committee is composed of a Steering Committee and various Working Groups. The ERSAR Applications Group Workshop, held 
November 7-9, 1979 in Houston, Texas, and the ERSAR Program Definition Group Workshop, held January 23-25, 1980 in 
Pas ode na, California, were two major elements in a series of working sessions to develop this program plan. The two workshops 
involved over 80 recognized experts in the topic areas of concern. 

This document is strongly dependent on the Program Definition Workshop Report (Appendix B). The tasks identified in this 
plan ere Ihose specified in the earlier report. Consequently, this plan omits the detailed description of each task and the 
background material which provides the justification and/or role of each task in the overall effort. The objective of this report is 
to provide a structure for a coordinated effort that will optimize the overall approach to conducting the research progrem 
recommended by the Program Definition Working Group. The Applications Workshop Repxjrt is also included (Appendix A). 

The dominating influence shaping this program plan is the present lack of adequate measurement systems needed to conduct 
the required experiments. This serious deficiency inhibits an aggressive attack on the several problem areas where fundamental 
information is needed to sup>p>ort evaluation and validation of the sensing technique. Consequently, the pl>:n sp>ecifies empirical 
studies in those cases where measurements are possible; stresses theoretical modeling studies preparatory to empirical 
verification in those cases where measurements ere not possible at this time; and ploces high priority on acquiring the data 
acquisition systems needed to support a viable basic research program. 

This program plan was structured during the Plan Development Workshop held February 18-20, 1980 in Greenbelt, Maryland. 
This third workshop in the present series was attended by the ERSAR Steering Committee members. The Program Plan provides 
the basis for an Active Microwave Research Program Implementation Plan. 
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ACTIVE MICROWAVE REMOTE SENSING RESEARCH 
PROGRAM PLAN 

SUMMARY 

It is well recognized that microwave remote sensing 
techniques have unique characteristics which appear to 
possess significant potential fo; earth observations of 
renewable and non-renewable resources. Several foreign 
countries, notably Canada, Japan, and West Germany, have 
initiated vigorous programs to exploit the potential of 
microwave sensors. Industry-operated airborne imaging 
radar sensors hove been employed to collect data on millions 
of square kilometers in the U.S., South America, and Africa 
for use in geologic mapping and general resource 
inventories. A major airborne radar image survey program 
is presently underway in Alaska. The Seasat microwove 
sensor data clearly illustrated the enormous potential of 
these techniques, particularly for observation of the oceans. 

Despite these oc iivities, and the fact that the potential 
of microwave remote sensing has been documented in 
several extensive studies conducted over the last decade, 
the existing research results are inadequate to satisfactorily 
demonstrate the measurement capabilities of active 
microwave sensors, particularly imaging radar sensors, far 
applications of primary interest. This situation exists 
because very little research in this topic area has been 
sponsored in recent years due to the concentration of 
available funds on Landsat and other visible/infrared remote 
sensing programs. 

This research program plan was developed by the Office 
of Space and Terrestrial Applications to provide guidelines 
for a concentrated effort to improve the understanding of 
the measurement capabilities of active microwave imaging 
sensors, and to define the role of such sensors in future 
earth observations programs. The focus of the planned ac- 
tivities is on renewable and non-renewable resources. Five 
general application areas ere addressed: If vegetation can- 
opies, 2) surface water, 3) surface morphology, A) rocks and 
soils, and 5) man-mode structures. Research tasks are des- 
cribed which, when accomplished, will clearly establish the 
measurement capabilities in each area, end provide the 
theoretical ond empirical results needed to specify and jus- 
tify satellite systems using imoging radar sensors for global 
observations. 

This plan was developed by the ERSAR Steering Commit- 
tee based on the work of the ERSAR Working Groups. The 
structure of the ERSAR Committee is shown in Figure I. 

The ERSAR Program Definition Workshop Report is the 
foundation document for the Program Plan. This report is 
included as an appendix fo provide easy reference to the 
background and rationale for the research tasks listed in this 
plan. 

A coordinated research program is required because the 
present scarcity of research results are inadequate to 
demonstrate the measurement capabilities of active 
microwave remote sensing. It is apparent that the limited 
dato acquisition and data processing facilities available are 
the primary constraints on the program. Consequently, the 
technology and support systems section of the program plan 
is the critical pacing element. Satisfactory implementation 
of these tasks schedules will govern the success of the 
overall effort. 

NASA has concentrated on research and applications of 
visible/infrared remote sensing for over a decade. The 
ERSAR Committee recommends that consideration now be 
given to expanding into the microwave region of the 
elecfromognetic spectrum to develop an adequate 
understanding of these data in preparation for their 
demonstration and use during this decade. This will require 
that an expanded coordinated active microwave research 
program be developed and implemented. 


MICROWAVE REMOTE SENSING 

The natural laws governing propagation and scattering of 
electromagnetic energy in the visible, infrared, and 
microwove regions are the same. The different responses 
observed are primarily due to the scale and electromagnetic 
properties of the object viewed relative to the wavelength 
of energy involved. For example, the texture of the surface 
of a leaf may be most significant when viewed with a visible 
sensor, whereas the geometry of the entire plant may be 
most significant when viewed with a microwave sensor. 

The fundamental differences in the various remote sen- 
sing techniques are due to the source of the energy 
measured. For example, visible sensors measure reflected 
solar energy; thermal infrared sensors measure emitted heat 
energy; and active microwave sensors measure reflected 
coherent energy transmitted in a controlled manner from 
the sensor itself. 

Active microwave measurements are sensitive to: 

1. Dielectric properties 

2. Volumetric composition 

3. Surface roughness 

A. Surface morphology 

5. Geometry of man-mode structures 

The dielectric constant of water is high (50-80) relative 
to most natural substances (3-5), consequently, active 
microwave measurements are particularly sensitive to 
moisture content. 

In addition to these measurement sensitivities, the fact 
that in active microwas emote sensing there is control of 
the coherence, amplituc.-, and direction of the transmitted 
energy provides this technique with the capability for 
improved measurement of the reflectivity, angle 
dependence, and polarization sensitive properties of 
objects/scenes. It also mokes it essentially independent of 
sunlight conditions. 

The usable microwave spectrum is very broad. Active 
microwave remote sensing is practical at wcvelengths from 

l. 0 mm to 1.0 m. The spectrol response of objects/scenes 
varies significantly over this range. For example, visible 
sensor data are sensitive to the top surface of exposed 
leaves of vegetation canopies, whereas microwave sensors 
may be sensitive to different components of the canopy 
depending on the illuminating wavelength. Short wavelength 
microwave sensors, e.g., 1.0mm, are also sensitive to the top 
leaves of the vegetation canopy. Medium wavelength 
microwave sensors, e.g., 1.0 cm, nv.y be sensitive to the 
entire canopy volume, since this energy con penetrate into 
the canopy. Long wavelength microwave sensors, e.g., 1.0 

m, may be virtually insensitive to the vegetation canopy and 
respond directly to the underlying soil. Similar spectral 
variations exist for active microwave sensing of snow, 
floating ice, clouds, and rain. 

The characteristics of octive microwave remotely sensed 
data cause these measurements to be highly sensitive to: 

1. Composition of vegetation canopy volume, snowpack 
volume, sea ice volume. 

2. Moisture in surface soil volume, snowpack volume, 
vegetation canopy volume. 

3. Sizes of surface rocks, surface soil preparation, and 
roughness of natural surfaces. 

A. Geometry of man-made structures and morphology of 
surfoce landscapes. 

5. Land-water and water-ice boundaries. 

RATIONALE AND JUSTIFICATION 

The ERSAR Applications Working Group and the ERSAR 
Program Definition Working Group efforts concluded that: 

I. Active microwave remote sensing appears to have 
significant potential for improving the capability to 
systematically monitor earth resources. 


1 



2. Present research results ere inadequate to 
satisfactorily demonstrate the measurement capabilities of 
active microwave sensors for applications of primary 
interest. 

These conclusions echoed those of seven other major 
independent studies of the capabilities of active microwave 
remote sensing which NASA has sponsored beginning with 
the Active Microwave Workshop in 1974. Eoch of these 
studies, involving a total of over ISO scientists and 
< ngineers, stronqly recommended that NASA implement a 
coordinated active microwave research proqram. 

In October 1977, a committee of the National Research 
Council (National Academy of Sciences) issued a report on 
their study of active microwave remote sensing. They also 
concluded that additional research was needed to document 
the potential of active microwave remote sensing for earth 
resource observations. 

The I RSAR Applications Working Group reviewed the 
state of understanding of active microwave remote sensing 
and identified how the indicated measurements potential 
could satisfy specific information needs in selected 
applications. Thev considered applications in four topic 


areas: Geology; Agriculture; Land Cover; and Water, Ice, 1 

and Snow. } 

This study showed that there is a need for synoptic 1 

information other than that obtainable from visible/infrared j 

sensor data. These needs include: 

1. Cloud-free data, i 

2. Volumetric properties data e.g., canopies, ice, snow, f 

soils, f 

3. Surface roughness data, 

4. Electrical properties data, } 

5. Enhanced surface morphology and man-made 
structures data, ond 

6. Night-time data e.g.. Arctic ice. 

In the course of these analyses, it become clear that the 
potential of octive microwave sensors as illustrated by 
theoretical or empirical evidence was attractive in several 
application areas. However, the severe lack of quantitative 
research background with active microwave sensors leaves 
many gaps in tlie understanding of the full capability of this 
sensinq approach. 

Tlie i RSAR Working Groups determined that the 
apparent capabilities of octive mirrowave sensors of 
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primary interest in the applications considered aret 

1. Imaging In near all-weather, day and night conditions! 

2. Sensitivity to vegetation and soil moisture conditions; 

3. Sensitivity to vegetation canopy/timber variety and 
structure! 

4. Controllable illumination direction; 

5. Spectral information complementary and/or 
supplementary to Land sot data; 

6. Enhancement of man-made structures; 

7. Format compatible with Landsat and other remote 
sensor data; 

8. Penetration into canopies, snow, ice, and soil; and 

9. Sensitivity to surface roughness. 

A review of the present NASA active microwave 
research effort by the ERSAR Program Definition Working 
Group showed that the level of activity was not 

commensurate with the potential of this sensing technique. 
In contrast, U.S. mineral and petroleum industries and 

several foreign countries have actively exploited the 

capabilities of airborne imaging radar sensors ' jr 

exploration end resources inventorying. Some foreign 
governments, especially West Germany, we developing 
spocebome imaging radar sensor systems and/or vigorous 
microwave remote sensing programs, such as in Japan and 
Canada. They are rapidly assuming a position of leadership 
in this field. 

This program plan is designed to provide a coordinated 
research effort which will improve the state-of-k now ledge 
in octive microwave remote sensing to o level that will en- 
able a clear understanding of the capabilities of this tech- 
nique for eorth resource observations. For this to be 
successful, it was first necessary to; (I) define the 
applications where such measurements are needed; (2) assess 
the potential of fhis sensing technique to eventually ocquire 
the desired measurement; (3) determine the extent to which 
this measurement capability is presently understood; and (4) 
identify the specific research required to adequately 
demonstrate that a practical measurement capability exists. 
These tasks were the subject o* the ERSAR workshops. The 
reports of the ERSAR Applications Workshop (Appendix A) 
and the ERSAR Program Definition Workshop (Appendix B) 
provide excellent discussions of these issues, ar.d thoroughly 
detail the research needs. 

PERSPECTIVE 

In the process of identifying and describing the research 
tasks required in this program, the ERSAR Program 
Definition Working Group recognized that the understanding 
of the measurement capabilities of radar sensors was 
markedly different for different applications. For example, 
whereas there exists on enormous background of information 
on the use of radar imoge data for topographic information 
in support of geologic mopping, there has been virtually no 
research done in the area of rangeland mapping. The 
quantity and quality of information available in other 
application areos is highly variable. This situation required 
the Group to formulate research tasks which voried from 
exploratory, e.g., forest mapping, to verification testing, 
e.g., sea ice mapping. 

In the design of each research task, the Group attempted 
to build on the existing base of empirical ond/or theoretical 
knowledge. However, it is clear, as was stated by the 
ERSAR Applications Working Group, that in general, the 
quantitative understanding of the information content in 
octive microwave sensor data is lacking. This is especially 
evident when attempting to justify specific operating 
wavelengths, polarizations, and incident angles. This is due 
to the fact that very little research in this topic area has 
been sponsored during the last decade. 

Each research task is unique to the application of 
concern and the level of understanding which presently 
exists in that area. However, the general structure of the 
overall program includes three basic elements: 

I. Modeling of radar signal responses to specific scenes 


or scene components, using empirical and/or theoretical 
techniques. 

2. Verification of the models for an adequate range of 
scene (spatial) variables and radar system par am e ters . 

3. Testing of the indicated measurement capabilities of 
radar sensors in realistic envir o nments, by potential users of 
these data. 

These elements encompass experimental activities vAtJch 
progress from basic measurements, such as provided by 
ground-based sensors or simple aircraft sensors, e.g., 
scat tero meters, to area-extensive measurements with 
airborne imaging radar sensors, and finally to spocebome 
SAR systems, such os SIR-A. However, the ERSAR Program 
Definition Working Group expressed some concern about the 
ability of oirbome imoging radar sensors to provide the 
quality of data required to meet the research needs. The 
Agriculture Panel in particular, noted that; 

"Many characteristics of the aircraft SAR data are 
not representative of spacecraft data. The relatively 
large range of incident angles and the relative 
instability of the a'rcraft platform introduce 
distortions into the data sets which would not be 
present in spacecraft data. This was the experience 
with visible/infrared aircraft data. With the launch 
of ERTS (Landsat), a significant br e akt h rough was 
possible in the analysis of remote sensing data 
because the extremely difficult and introctible 
problems of aircraft scanner data disappeared at 
spacecraft altitudes. The panel feels that this ex- 
perience will be repeated, and perhaps be even more 
difficult with airborne SAR data. While much con be 
learned with the aircraft platform, these data hove 
ultimate, inherent limitations that con only be over- 
come through the use of well controlled experimental 
investigations from spacecraft." 

The research program defined in this report is responsive 
to the needs identified by the ERSAR Working Groups. It is 
a significantly larger effort in octive microwave remote 
sensing research than has ever been previously supported by 
NASA. It will require a major long-term commitment of 
resources, and most important ly, it will require attentive 
coordination by NASA and a solid interface with other 
federal agencies and with the scientific community. 

MANAGEMENT PLAN 

Successful implementation of the Active Microwave 
Remote Sensing Research Program requires that manage- 
ment devote considerable effort to the tasks of monitoring 
and coordinating the multitude of research activities in the 
program. Since the plan interrelates the various research 
tasks not only within disciplines, but across disciplines, it 
connot be effectively accomplished without proper checks 
and balances. T c assure effectiveness of these checks and 
balances and to maximize program results, a management 
structure must be adopted which ensures overall program 
visibility and concentrates responsibility and authority in 
key individxits so that program redirection con be given as 
necessary. 

The ERSAR Committee recommends that the proposed 
research program be implemented through the Resource 
Observations Division, Office of Spoce and Terrestriol 
Applications, NASA Heodquarters. The day-to-day 
activities within the program should be the responsibility of 
the appropriate applications or systems branches. A single 
point of contact should be established within this Division 
for the program. The overall program coordination and 
direction should be the responsibility of this person, who 
must have the status and authority to accomplish the job. 

The Steering Committee membership should include: 
Resource Observation Division Director or 
Representative (Chairmen) 

Non-Renewable Resources Branch Representative 
Renewable Resources Branch Representative 
5ys terns Development Branch Representative 
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Environmental Observation Division Director or Rep- 
resentative 

Oceans Branch Representative 
Atmospheres Brandt Representative 
Communications Division Director or Representative 
Chief Scientist, OST A 

Goddard Space Flight Center Representative 
Johnson Spoce Center Representative 
Jet Propulsion Laboratory Representative 
The membership of the Steering Committee represents 
the major functional elements involved in implementing the 
program, and has the capability to continually review and 
evaluote the research activities and results, thereby facil- 
itating appropriate inputs and assessments of potential pro- 
gram redirection. 

It is recommended that the Steering Committee have re- 
sources (funds) availdtle to them for a possible series of 
Evaluation Tasks designed to confirm, via independent re- 
view, that the experiments are properly structured? that the 
analyses are appropriates and that the conclusions reached 
are reasonable relative to the supporting evidence. 

During the workshop activities over the past few months 
it has become apparent that NASA does not presently have 
the systems capability for making the data measurements 
necessary to perform the proposed experiments. Many crit- 
ical issues/problems must be resolved in the systems and 
technology area if research efforts are not to be unduly 
inhibited by a lack of fundamental information. In order for 
the program to be successfully implemented, concentrated 
efforts must be put into updating, refurbishing, calibrating 
and improving current acquisition systems and the 
accompanying data processing facilities. An organizational 
element is needed within NASA Heodquarters to provide the 
focus aid impetus necessary to accomplish these 
requirements. The formation of a new branch (Systems 
Development Branch) within the Resource Observation 
Division offers a viable solution for ensuring that the 
systems requirements we satisfied. 

The actual methodology fw accomplishing the research 
tasks, e.g., by Resewch and Technology Operating Plans 
(R TOP's) w Announcement Notices (An's) should be at the 
discretion of eoch Branch, w o uniform approach can be es- 
tablished by the Divisions. 

TECHNICAL PLAN 

The objective of this planning effwt is to identify those 
resewch tasks which must be perfwmed in order to gain an 
adequate understanding of the measurement capabilities of 
active microwave imaging sensors. The information needs, 
i.e. the end objectives, were specified by the ERSAR 
Wwking Groups. The initial boundary conditions were 
established by the avoilability of support systems and 
personnel, and the existing FYI980 NASA resewch program. 
The funded microwave resewch and development programs 
we shown in Figure 2. Of these, the $2.IM Resource 
Observation Division program is most relevant. The 
program features 12 different projects. The primary funding 
emphasis is on soil moisture monitwing and geologic 
mapping. At present, there is almost no funding of 
microwave remote sensing projects in the vegetation can- 
opies wea; the area of prime importance is the ongoing 
visible/ infrared remote sensing resewch program. 
Likewise, there is minimal funding being devoted to 
improving the capability to ocquire and process active 
microwave sensor data needed in support of the applications 
resewch activities. 

The program plan fw eoch emphasis area addresses spe- 
cific research needs identified by the ERSAR Wwking 
Groups. These we summarized in the expropriate sections. 
The background end rationale tw eoch is more fully 
developed in the workshop repwts which appew in the 
appendices. 

The research tasks, schedules, and resources 

requirement* were prepwed w reviewed by expropriate JSC, 


GSFC, or JPL personnel. The sc hed ule s provide general 
guidelines for the order of conduct of the various tasks, hi 
all coses It is assumed that the technolo gy and support 
systems effort is proceeding on the d esig n at ed schedule. 
This schedule paces the entire effort since the availability 
of appropriate data acquisition and data processing facilities 
is critical to all of the experiment projects. 

It Is recognized that there it a Omit to the Ability of 
ground-based and aircraft active microwave sensor data to 
satisfactwily define the expected characteristics of future 
satillite sensor data. This was the cose with visible/infrwed 
sensor data priw to Land sot, and si mil w clrcumstwices now 
exist in the active microwave remote sensing field. Con- 
sequently, existing Seasat SAR images and the forthcoming 
SIR-A images we expected to be extremely valuable to this 
program. It would be advantageous to this effort If similar 
satellite sensor data were available within the next few 
yews. 

The technical plan is structured to show the general re- 
sewch objectives aid required resewch tasks In five topic 
weas! 

1 ) Vegetation Canopies, 

2) Surface Water, 

3) Surface Morphology 

k) Rocks and Soils, 

5) Man-Made Structures. 

These cotegwia were selected because they provide com- 
prehensive coverage of the primwy application weas end 
they we unencumbered by terminology associated with 
ongoing programs in visible/infrwed remote sensing. 

VEGETATION CANOPIES 

This emphasis wea encompasses crop lands, fwest lands, 
rangelands, wetlands, and vegetation associated with deter- 
mination of underlying geology and watershed runoff chwoc- 
t eristics. This resewch plan addresses the need to improve 
the understanding of active microwave sensor measurements 
of vegetation parameters such as species, condition, stage of 
growth, and distribution. The phased cpprooch described in 
this section is structured in such a way as to compliment the 
major ongoing programs in visible/infrared remote sensing of 
vegetation canopies, e.g., AgRISTARS. A similw methodo- 
logy is employed throughout, and common test sites we used 
where practical. 

The initiol stages of the resewch plan concentrate on de- 
veloping fundamental electromagnetic interaction models 
based on theory and empirical data acquired from truck- 
based radw sensors and aircraft scotterometer sensors. A 
major effwt is planned to develop the capability to 
preprocess, rectify, and interpret radw imoge data to 
achieve compatibility with visible/infrwed (VIR) image data. 

Although o variety of small measurement projects have 
been conducted in this general topic area in recent yews, 
this research plan proposes the first systematic study of ac- 
tive microwave remote sensing of vegetation canopies. It is 
a particularly significant step in fwest land and rangeland 
remote sensing, since neither of those important weas has 
been investigated in previous radw remote sensing projects. 

Research Needs 

Active microwave remote sensing appears to hove the 
potential fw sensing parameters related to vegetation type 
identification, oreol extent, condition assessment, and stage 
of growth which may complement w supplement measure- 
ments obtained by other remote sensws. Of pwticulw sig- 
nificance is the potential to distinguish among vegetation 
conopies having different canopy geometries aid morphol- 
ogies that change throughout the growing season; canopy 
water content and distribution! and cor.-py micro-environ- 
ment (soil moisture, snow condition and amount, etc.). The 
potential of active microwave remote sensing fw vegetation 
canopies is considerably enhonced by its inherent capability 
to obtain measurements frequently even in the presence of 
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cloud cover or under low tun angle conditions. 

The application* in which this measurement potential 
may be of significance Includes! 

1. Crop identification and areal measurement. 

2. Crop condition assessment and yield estimation. 

3. Crop development stage. 

4. Forest vegetation identification and mapping. 

5. Rangeland vegetation identification and mapping. 

6. Watershed runoff characteristics due to vegetation. 

7. Wetlands vegetation identification and mapping. 

8. Vegetation distribution as related to underlying 
geology. 

Empirical evidence exists to establish that several vege- 
tation varieties can be distinguished in active microwave 
remotely sensed data. These studies hove established that 
the use of radar data to augment Londsat data lost due to 
cloud cover can result in substantial improvements to classi- 
fication accuracy. These studies also show that the addition 
of radar data to Land sat data con improve the accuracies 
achievable from cloud-free Londsat data of 'economically 
significant agricultural crops. Experiments hove also shown 
that radar measurements are sensitive to yield-related para- 
meters such as canopy water content and leaf area index of 
crop conopies. They are also sensitive to soil moisture, a 
potentially important parameter in yield estimation. 

The empirical data base available to assess the measure- 
ment capability of active microwave sensors for crop iden- 
tification and yield assessment is limited, but encouraging. 
The available data to support a comparable assessment of 
the measurement capability for forest vegetation and range- 
land vegetation is at present too limited to support defini- 
tive statements on the relative measurement capability in 
these application areas. However, existing data do suggest 
that active microwave remote sensing data may enable 
mapping of forest stands by class and density, and of pro- 
viding additional information on vegetation species in 
forested wetlands. 

The ERSAR Working Groups conducted a careful review 
of the present state of understanding of active microwave 
remote sensing measurements. This provided a background 
for their determination of the specific research needs to es- 
tablish the measurement capabilities of active microwave 
remote sensors relevant to vegetation canopies. They con- 
cluded that three major categories of research are required: 

1. Theoretical, laboratory and field research to develop 
and to verify models and algorithms relating object/scenes 
classes and attributes to the characteristics in visible/in- 
frared and active microwave multi-date data sets. 

2. Research in large areas using candidate aliorithms, 
image analysis, and pattern recognition investigations. 

a. to establish relationships over extended areas 
between the characteristics of visible/infrared md active 
microwave multi-date data sets and the object/scene classes 
and attributes, and 

b. to evaluate and to modify existing visible/infrared 
pattern recognition algorithms to analyze compos' te visible/ 
infrared and active microwave data. 

3. Research in large areas to investigate the data pre- 
processing and processing requirements to correct for sensor 
and atmospheiic effects in octive micro wove data, to regis- 
ter active microwave imoge dota to visible/infrared imoge 
data, or in any other way, to render these dota sets mutually 
compatible for imoge analysis and pattern recognition. 

Research Objectives 

This program plan is oriented to achieve specific objec- 
tives in each application crea within a five-year period. The 
general goals of the research effort are summarized below. 

1. Establishment of a knowledge base characterizing the 
relationships between ladar bock scattering end vegetation 
canopy types and their attributes. 

2. Assessment of the information content of SAR and 
composite SAR and visible/infrored imoge dota for 
vegetation canopies, and determination of how this 


Information can be utilized far various application*, I.*., 
agriculture, hydrology, land use, end geology. 

3. Development of applications technology for proces- 
sing and analysis of composite SAR and visible/infrored 
image data. 

Specification of optimum radar system characteris- 
tics and mission parameters for spocebome experiments 
involving vegetation canopy Information. 

5. Resolution of many of the critical technical issues in- 
herent in using SAR data for vegetation canopy characteri- 
zation. 

Research Tasks 

The first six (6) tasks address the first category of 
research listed under research needs, namely model and 
algorithm development. Tasks 7-1 1 relate to the second 
category of research, i.e M research in ex t en d ed areas. The 
final four (4) tasks specify the research required in the third 
category listed, i.e., pre p r o ce s sing and processing of active 
microwave data. 

Teak I : Crop idcntificotion and Area Research 

Develop baseline mathematical models to predict the 
radar back scattering of crop conopies and soil a* functions 
of sensor configuration, frequency, and related crop canopy 
geometric and natural properties. Acquire wide-range 
multispectral, multi-temporal, and multi-date data from 
truck and helicopter platforms over small fields, e.g. 
20mx80m, of wheat, barley, corn, soybeans, cotton, and rice 
at 10 day revisit intervals from emergence through harvest. 
Employ these data to produce simulations rod models of 
visible/infrared and SAR image data over large areas. 
Develop labeling aids for large are o pattern recognition and 
image cno lysis techniques for cl<mification and area estima- 
tion of these crops. 

Task 2 : Crop Condition/Yield Research 

Develop baseline mathematical models to predict 
backscottering by agricultural crops and fields as functions 
of crop condition and soil conditions. Develop mathematical 
models to predict yield given microenvironmental conditions 
and direct monitored crop moisture stress condition. 
Develop baseline models for root zone soil moisture 
estimation and subsequent effects on yield. Acquire small 
area (20m x 80m) wide range multispectral, multi -temporal, 
multi-configuration, multi-date data; process data; and 
prepare data for analysis with emphasis an wheat, barley, 
corn, soybeans, and cotton for estimation of root zone soil 
moisture. Develop and test algorithms to predict yield in 
crop areas using wide range multispectral data. Develop 
labeling aids for crop condition yield estimation and clas- 
sification in large areas by pattern recognition and imoge 
analysis. 

Task 3 : Crop Stoqe of Development 

Acquire rodar dato over crops during different growth 
stages. Develop baseline mathematical models for crop 
morphological change as detected by radar. Develop 
labeling aids for crop growth stage by pattern recognition. 

Task 4 : Forest Identification and Mopping 

Refine or complete development of general model 
describing radar-signal scene-interaction phenomena using, 
where expropriate, results of truck-based and/or airborne 
experiments. Initiate development of specific simulation 
models as needed to support or explain specific phenomena 
measured from ground-based or airborne platforms. Acquire 
and analyze truck -based (or airborne) scatter ometry data for 
use in more completely describing the fundamental 
relationships between rod or and forested scenes. Predict ef- 
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feet* of dope, under* tor y vegetation, toll drainage, and 
other conditions as needed for development of 
co mprehensive models for radar-forestry Interactions. 

Task homeland Veoetotlon Identification Mapping 

Review previous work related to radar measurements 
of rangeland, data manipulation, and data analysis. Begin 
acquisition aid analysis of ground-based (a- airborne) data to 
provide an indication of applications feasibility and indicate 
direction for subsequent research. 

Task 6 : Wetland Vegetation Identification and Mapping 

Acquire small area (20m x 80m) wide- range multi - 
spectral, multi -temporal, multi -configuration, multi-date 
data; process data; and prepare data for analysis with em- 
phasis on marsh, swamp, tidal flats, and open water in wet- 
lands. Develop algorithms to predict wetlands classes using 
wide- range multispectral dota. Develop labeling aids for 
wetlands classification in large areas by pattern recognition 
and image analysis. 

Task 7 t Large Area Crop Identification and Extent 

Determine the sensitivity of radar data to 
plant/canopy characteristics. Determine the effects of 
background noise on the ability of radar to discriminate 
between crop types. Determine ,ne optimum sensor 
parameters. Determine the best way to mi» radar and 
visible/infrored duta. Determine the added classification 
performance of radar and visible/infrared data compared to 
visible/infrared doto alone. 

Task 8 : Large Area Crop Condition/Yield Research 

Determine the sensitivity of rodar data to 
plant/canopy characteristics related to crop stress and yield. 
Determine the d»tlity of radar aid visible/infrared data to 
predict crop stress and yield. Determine the improved per- 
formance that can be ochieved by adding radar and visible/ 
infrared data to weather doto. 

Task 9 t Large Arec Crop Stage Development 

Determine pi ant /canopy factors which can be 
measured by rodar sensors and determine the benefits of 
adding rodar to visible/infrared data, plus weather data, for 
predicting crop stages. Determine sensitivity of radar dota 
to crop stage development; effect of different incident 
angles; background and atmospheric effects; frequency of 
coverage required; and relationship between plant/canopy 
moisture and crop stage. Determine the benefits of 
including radar data with weather data to predict crop 
stoge, and develop on appropriate temporal sompling strat- 
egy. Determine the benefits of including visible/infrared 
data with rodor and weather dota to predict crop stage and 
minimire atmospheric and background effects. 

Task 10 : Lorge Area Forest Vegetation Mopping 

Determine the feasibility of using SAR data to map 
major forest land types for extent and extent change 
detection. 

T ask 1 1 : Large Area Rangeland Mapping 

Determine the feasibility of using SAR data to map 
rangeland vegetation. Process ond analyze X-bond SAR/ 
VIR dota obtained over Weld County, Colorado, gross land 
site during June 1979. Acquire mufti -parameter airborne 
SAR and visible/infrored data multi -temporally over one or 
more rangeland areas exhibiting relatively large 
homogeneous conditions for vegetation type, condition, 
density, and maturity. Perform data processing and analysis 


to provide accuracy ond reliability criteria for eeverai 
combination* of SAR ond VIR bands and configuration* for 
the SAR doto only, SAR aid visible/ Infrared data, and 
visible/infrored doto only cases. 

IS&Jli Recti flcotton/ReoUtrotion 

Develop techniques for correcting image distortions 
caused by reel dual aircraft/spacecraft parameters, particu- 
larly yaw. Develop image formats (ground range, short 
range, stereo, etc) for agriculture, range, and forestry 
scenes. Develop registration and resampling technique*/ 
algorithms which will allow spatial registration of multi- 
beam, multi -frequency, multi -polarization, multi-date SAR 
data and visible/infrared data, including terrain relief far 
computer analysis/pattern recognition. 

Tosk 13 s Soot lot Noise Reduction 

Determine the extent of averaging needed for 
occeptoble speckle for each agriculture application, ond 
implement dota preprocessing algorithms based on empiri- 
cal/analytic models for each application within agriculture. 
The algorithms are to be developed through field 
experiments and/or analytical modeling. 

Tosk Ik ; Incident Angle Effect Correction 

Develop algo: ithms to reduce the effect cf angle of 
incidence variation* to provide nearly uniform images across 
the entire swath width. 

Task I S t Software Development md Doto Bose 
Management 

Initiate implementation of a rectification/ 
registration/resampling software system to enable the buil- 
ding of merged data sets in pixel-registered form from 
multiple combinations of aircraft SAR, aircraft visible/ in- 
frared and Land sat visible/infrored dota. Implement rodar 
screening software system and approaches for spatial over- 
aging of coherent noise/fading effects to improve SAP sig- 
nal -to-noise characteristics. Incorporate aigle of incidence 
correction of bockscatter and finish registration/resampling 
system. Implement and test cngle of incidence correction 
algorithms as developed under the data processing algorithm 
development. Increase throughput rate of merging aircraft 
and visible/infrored dota end SAR data into registered re- 
sampled corrected multivariate dota sets far classification. 
Incorporate modifications to rectification, registration, re- 
sampling, noise average, angle corrections as necessary from 
problems identified in multi-segment test of preprocessing 
and classification algorithms. 

Schedule 

A six-year program schedule for the research tasks in the 
vegetation canopies area is shown in Table I. This schedule 
is highly dependent upon the orderly progression of the 
technology support activities. 

Resources 

The required resources to accomplish the proposed tasks 
are listed in Table 2. 


SURfACF WATCH 

This emphasis area encompasses four separate research 
plans dealing with; I) snowpock properties, ?) soil moisture 
monitoring, 3) watershed parameters, ond *t) s< a and glacier 
ice. The state of understanding in each area is significantly 
ditferent. For example, monitoring floating ice with 
airborne tudar sensors is a well-developed capability, where- 
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TABLE 1. GENERAL SCHEDULE OF VEGETATION CANOPIES RESEARCH 


TASK 1; 


TASK 2: 


TASK 3: 


TASK I*: 


TASK 5: 


TASK 6: 


TASK 7: 


TASK 8: 


TASK 9: 


TASK 10: 


TASK 11 


CROP I DENT. & AREA RES. 

-Batalina Hath Model Devaloprant 
-Small Plot Multltpectral Data Acquisition over 
Multiple Crop Conditions 

-Simulation Hodel Development for Large Areas for Crops 
-Labeling Aids Development for Pattern Recognition 
for Crops 

CROP CONDI T I ON/VI ELD RES. 

-Baseline Hath Hodel Development 
-Small Plot Multltpectral Data Acquisition over 
Multiple Crop Conditions 

-Interpretation Algorithms Development by Inversion 
of Baseline Models 
•Yield Model Development 
-Root-Zone Soil Moisture Model Development 

CROP STAGE OF DEVELOPMENT 

-Small Plot Multispectral Data Acquisition over Crops 
Having Different Stage of Development 
-Interpretation Algorithm Development 
•Labeling Aids Development for Pattern Recognition of 
Crop Stage of Development 

FOREST IDENTIFICATION AND MAPPING 
•Small Plot Multispectral Data Acquisition over 
Forestland 

-Forest Model Development 

a*HGELAND VEGETATION IDENTIFICATION HAPPING 
-Small Plot Multispectral Data Acquisition over 
Rangeland and Analysis 

WETLAND VEGETATION IDENTIFICATION AND MAPPING 
-Small Plot Multispectral Data Acquisition over 
Wetlands and Analysis 

URGE AREA CROP I DENT. AND EXTENT 
-Large Area Aircraft Data Using Pattern Recognition 
-Evaluation of Aircraft Data Using Pattern Recognition 
-Evaluation of Labeling Aids or Crop Identification 
-Evaluation of Large Area Data Using Statistical 
Pattern Recognition and Image Analysts 

URGE AREA CROP CONDITION/YIELD RESEARCH 
-Large Area Aircraft Data Acquisition over Cropland 
-Evaluation of Alrcraf* Data Using Pattern Recognition 
-Evaluation of Interpretative Algorithms with Large 
Area Data over Croplands for Crop Condition and 
Yield 

URGE AREA CROP STAGE DEVELOPMENT 
-Large Area Aircraft Data Acquisition over Cropland 
-Evaluation of Interpretative Algorithms with Large 
Area Data over Cropland 
-Evaluation of Labeling Aids 

URGE AREA FOREST VEGETATION MAPPING 
-Large Area Aircraft Data Acquisition over Forestland 
•Evaluation of Aircraft Data Using Pattern Recognition 

URGE AREA RANGELAND MAPPING 
-Large Area Aircraft Data Acquisition over Rang and 
-Evaluation of Aircraft Data Using Pattern Recog, tlon 
and Image Analysis Techniques 

RECT I F I CAT I ON/REG I STRAT I ON 

SPATIAL NOISE REDUCTION 

INCIDENT ANGLE EFFECT CORRECTION 

SOFTWARE DEV. AND DATA BASE MANAGEMENT 
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os active microwave measurements of mow are sparce and 
poorly understood. Soil moisture monitoring is a major 
research effort at the present time, but flood mopping ho 
received little attention. These circumstances require o 
wide range of program octivitier ronying from implementa- 
tion of the we 1 1 -developed soil moisture monitoring progrom 
plan previously developed under the direction of the Goddard 
Spoce FTigh. Center to mitiating new experiments to refine 
the understanding of the characteristics of glocier ice. 

The inherent characteristics of octive microwave remote 
sensing ore especially attractive for measurements of 
phenomena of interest in this topic area. The obility to 
penetrate into snow, moist soil, or ice, and to record useful 
data through cloud cover are particularly important for 
successful remote sensing in these applications. This 
"esearch pi on should leod to the determination of the 
feasibility of ond the optimum system parameters of 
suitable orbital sensors. 

Research Needs 


The measurement potential of octive microwave sensors 
is considered to be particularly significant for several cate- 
gories of surface water. A key attribute of active 
microwave remote sensors of interest in these applications 
is the ability to penetrate into the subsurface volume. This 
is a necessary characteristic for effective remote sensing of 
snow pock properties, soil moisture, and floating ice. The 
extreme sensitivity of active microwave measurements to 
water causes this technique to be particularly useful in those 
applications where water is a principal parameter. These 
include: 

I. Snowpock properties, including extent, depth, water 
equivalent, accumulation, snow melt, state, and stote of 


underlying soil. 

2. Soil moisture in tubeurfoce (5-10 art) layer and physi- 
cal state of soil (frozen/unfrozen). 

3. Flood extent and surface water boundaries in vege- 
tated terrain through clouds. 

4. Floating ice type, distribution, and dynamics on 
oceans, lakes, and rivers in all seasons. 

5. Precipitation rates and extent over land. 

Several experimental investigations have shown that 
rodor aata ore sensitive to the physical characteristics of 
snowpock volumes, including equivalent water content. 
Long wavelength radar sensors appear to have the potential 
to measure the state of soil (frozen/unfrozen) beneath the 
snowpock. H o w e v er, the existing data base Is inadequate to 
support o quantitative assessment of the indicated measure- 
ment capability, nor is it odequate to support a definition of 
optimum sensor parameters. 

Extensive experimentation with active microwave yound- 
based sensors have confirmed that radar dota are responsive 
to soil moisture in the top 5-10 cm layer. These results have 
been confirmed with airborne radar scatter ometer sensors, 
and a strong response to soil moisture variations has been 
seen in Seasot SAR measurements. 

Analysis of radar images hove shown the potential to 
delineate land-water boundaries for flood extent determina- 
tion ond wetland boundary mapping beneath vegetation 
canopies and trees. The potential to determine the physical 
state of soils (saturation, frozen/ unfrozen) ha also been 
inrficated. 

Considerable evidence exists to show the potential of 
radar data to map floating ice. Lake ice can be monitored 
operationally, e.g., ICE WARN. Sea ice can be clasified by 
general type, i.e., first-yea, multi-yea, etc. There Is 
presently sufficient understanding of this measurement 
capability to support the specification of system parameters 
for operational monitoring. 

Theoretical studies suggest the potential of spacebome 
radar sensors for recording precipitation rates and areal 
extent over land surfoces. This basic technique is now Med 
operationally by ground-based and airborne weather radar 
systems. It is not known at this time whether or not this 
sensing technique is practical from orbitui altitudes. 

Research Objectives 

1. Achieve a theoretically-supported understanding of 
the microwave response to snow as o function of snow depth, 
liquid water content, surface roughness, and underlying soil 
state. 

2. Verify the capability of rodar sensors to monitor soil 
moisture. 

a. Understood electromagnetic interactions in- 
volved. 

b. Develop . i nlyticol models. 

c. Develop er budget models. 

d. Assess th . u*. .'y end feasibility of synoptic 

monitoring of soil moisture and physical stote of soil. 

3. Improve understanding of rodar remote sensing of 
floating ice types, distribution, ond dynamics. 

a. Advance understanding of geophysics and opera- 
tional problem caused by floating ice. 

b. Demonstrate high velocity field calculations aid 
ice hazard identification. 

c. Incorporate radar-derived information into cur- 
rent ice models. 

d. Document influence of snow cover, surface rough- 
ness, and several young ice types of radar measurements. 

e. Document capabilities of rodar dota for studies of 
floating ice. 

4. Verify capabilities of rodar data tc delineate flood 
extent. 

a. Determine cartographic occur ocy of rodai -derived 
lond- water boundaries. 

b. Establish optimum system parameters for flood 
ond surfoce water mopping. 
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Reseorch Tosks 

Teak I t Snowpock Studies 

Establish an experiment team to c o ndu c t an initial set of 
field spectra measurements under a variety of snow and 
climatological conditions. Model development will proceed 
in order to develop a thorough understanding and analytical 
description of radar backscatter from snow. Results from 
the irtifal study areas will be extended to a variety of study 
sites and snow conditions. Based on these dak* the models 
and algorithms develop r ■ will be validated and where 
necessary, modified. A demonstration test with appropriate 
snow hydrology users will be conducted and will result in the 
definition of the optimum sensor system for snow measure- 
ments. 

Task 2 i Soil Moisture Experiments 

Define and conduct on integrated and coordinated re- 
search effort to develop and refine active microwave re- 
mote sensing techniques which will determine spatial and 
temporal variations of soil moisture, and utilize soil mois- 
ture information in support oi agricultural, water resources, 
and climote applications. This integrated effort will include 
the development of radiative transfer, soil profile moisture, 
and water budget models, employing microwave data, and a 
well coordinated field program of supporting truck and 
aircraft data acquisition. 

Task 3: Watershed Parameters and Hydrology 

Determine the active microwave capabilities for 
monitoring various watershed parameters useful for charac- 
terizing basin response and hydrological models. The 
monitoring capability will be extended to a variety of 
climate and vegetative tyoes. A hydrological runoff model 
compatible with the remote sensing capabilities for water- 
shed parameter monitoring will be developed and validated 
with field dota. Flood mapping opportunities will be 
exploited when possible in the established study areas. 
Definition of optimum active microwave systems for hycko- 
logy, watershed parameter, and flood mapping will be a 
product of the experiment. 

Task 4 : Seo and Glacier ke 

Establish on experiment team to formulate and conduct a 
coordinated program in two major areas: seo ice and 

glaciers/ice sheets. In the sea ice study the tbjectives will 
be to determine processes octive neor the ice edge, 
determine the microwave properties of the central ice pack, 
and demonstrate feasibility of making high velocity ice field 
calculations. In the glacier and ice sheet study SAR data 
utility will be assessed for studies of glacier and ice sheet 
dynamics focusing on ice flow characteristics and coastal 
glaciers as navigational hazards. The optimum sensor 
systems for measuring ice processes wiil be completed. 

Schedule 

A five-year program schedule for the research tasks in 
the surface water oreo is shown in Table 3. This schedule is 
highly dependent • pon the orderly progression of the 
technology support activities. 

Resources 

Th«* required resources to accomplish the proposed tasks 
are listed in Table 4. 

SURFACE MORPHOLOGY 

The state of understanding o' the application potential of 
active microwave image data to the analysis of surface mor- 


phology In this emphasis area is r easonabl y mature relative 
to other applications. The focus of this resear c h plan is on 
developing the information extraction from radar knoges to- 
ward the objective of determining optimum sensor para- 
meters for detection of the topographic configuration of 
land surfaces. The forthcoming SiR-A imaging radar 
experiment on the Space Shuttle will provide unique oppor- 
tunities to verify measurement capabilities previously indi- 
cated by airborne data. Through detailed ana), sis of this 
sorficiol information, earth scientists cannot only malm 
conclusions concerning o variety of surface related glacier 
phenomena (engineering, hydrology, etc.), but infer subsur- 
face structure os well, which may be important in mineral 
exploration and other applications. 

Research Ne ed s 

Imaging radar sensors have been used more extensively 
for measurements of surface morphology thon for any other 
earth resources application. The reason for this is that the 
U.5. mineral and petroleum industries and several foreign 
governments have funded the acquisition and analysis of 
millions of square kilometers of high-qual i ty airborne radar 
imagery. Consequently, it is known that radar remote 
sensing provides unique detection of the geometrical 
arrangement of topography because (I) the illumination, 
azimuth, and inclination angles are selectable; (2) unique 
detection of high-relief terrain in high latitudes; (3) unique 
detection of icw-relief terrain in low latitudes; and (A) 
detection of topography in cloud-covered regions of the 
world. 

As a result of these investigations, the relationships of 
radar image geometry to topography is reasonably weli 
understood. However, there is presently a lock of adequate 
understanding of the optimum depression angles for best 
detection of topography in cloud-covered regions of the 
world. 

The majority of the previous radar image analyses has 
been performed using airborne sensor data. This field of 
study is now at a stage where spoceborne data ore required 
to support continued progress. The SIR-A system is ex- 
pected to be particularly valuable for these studies. This 
system and future spoceborne imaging radar systems should 
be used in inveil igot ions which focus on a study of the 
geometry for optimum detection of both terrain in high and 
low relief areas and the geometry for optimum stereo 
viewing. There is a need to evaluate discrimination of rock 
ond soil units using topography as detected by imaging radar 
systems, with special emphasis on drainoge ond londform 
patterns. There is a need to develop interpretive models to 
derive geological information from information on the 
geometry of surface topography as detected in radar image 
data. 

Research Objectives 

1. Development of a model which con be used with radar 
data for systematic analysis of terrain. 

2. Determination of the types of geologic information 
which con be extracted from analysis of radar image dota of 
topography. 

3. Definition of specifications of optimum radar system 
for detection of topography. 

4. Determination of procedures for optimum extraction 
of topographic information from stereoscopic radar dota. 

Research Tasks 

Task I : Rodor Return Modeling 

Develop theory and algorithms to model rodor return for 
a variety of topographic settings. Simulate, in an imoge 
form, the effect of the rodor observation geometry. Simu- 
late stereo. Use digital topographic data as o storting dota 
set. 
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TABLE 3. SURFACE HATER RESEARCH TASKS SCHEDULE 






TASK DESCRIPTION 
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TASK 1: SNOWPACK STUDIES 


ESTABLISH EXPERIMENT TEAM 
INITIATE FIELD SPECTRA MEAS. 

MODEL DEVELOPMENT 
EXTENDED AREA DATA ACQUISITION 
MODEL VALIDATION & MODIFICATION 
DEMONSTRATION PR06RAM 
OPTIMUM SYSTEM DEFINITION 

TASK 2: soil moisture experiments 

IMPLEMENT INTEGRATED PLAN 
OPT I MUM SYSTEM DEFINITION 

TASK 3: watershed parameters and hydrology 

INITIATE CAPABILITY STUDY 

EXTEND TO A VARIETY OF WATERSHEDS 

DEVELOP HYDROLOGIC ALLY COMPATIBLE MODEL 

VALIDATE MODEL 

CONDUCT FLOOD MAPPING 

DEFINE HYDROLOGY, WATERSHED, AND TLOOD 
MAPPING SYSTEM DEF. 

TASK 4: SEA AND GLACIER ICE 

ESTABLISH EXPERIMENT TEAM 
FORMULATE SEA ICE DEMONSTRATION 
START DEMONSTRATION PROJECT 
INITIATE FLOATING ICE EXPERIMENTS 
PlAN GLACIERS AND ICE SHEET EXP. 
INITIATE GLACIER AND ICE SHEET EXP. 
OPTIMUM SYSTEM SPECIFICATION 

TASK 5: prepare and issue (?) annual and final 

REPORTS 


Task 2 ; Effect of Rodor Viewing Geometry on Mapping 
of Surface Texture and Topographic Features 

Determine the effect of the observation geometry 
(incident and azimuth angles) on detection and identification 
of surface topographic features and textural features. Use 
radar data from orbital altitudes to assure homogeneous 
geometry. 

Task 3 : Rodor Stereo Mopping 

Assess and demonstrate the capability of the rodor 
sensor to obtain useful stereo images. Conduct a porometric 
study for the use of stereo in image interpretation and 
topographic mapping. Use rodor data from orbital altitudes. 

n 


Task A: Lana Forms and Drainaqe Analysis with Radar 
Data 

Assess the capability of using radar for land form 
mapping and drainage network analysis. Trode off analysis 
of the different radar parameters effects. Use of data to 
infer the surface morphology and location of favorable sites 
for mineral and petroleum deposits. 

Task S : Rodor Mapping of Surface ond Near Surface 

Lineaments 

Assess the capability of rodor for mopping of surface ond 
near surface lineaments. Determine the physical 
mechanisms which allow lineaments mapping and the radar 
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configuration required ( or optimum detection. Compore to 
Londsat imaging and • fudy the synergism of combining the 
two data sets. Use lineaments maps for inferring structural 
geology, possible mineral deposits and earthquake hazards. 

Schedule 

A five-year program schedule for the research tasks in 
the surface morphology area is shown in Table S. This 
schedule is highly d epende n t upon the orderly progression of 
the technology support activities. 


Resources 

The required resources to accomplish the proposed tasks 
are listed in Table 6. 

ROCKS AND SOILS 

This emphasis area deals with the potential of active 
microwave sensors to differentiate surface cha racter istics 
based on roughness, and the subsequent information gained 
as to rock types and/or conditio. is. This information is 


TABLE 4 . SURFACE MATER RESOURCE REQUIREMENTS (FY81 DOLLARS) K 

$ 




TASK DESCRIPTION 

FY 1 

FY 2 

FY 3 

FY 4 

FY 5 

TOTAL 

TASK 1: snowpack studies 






3425 

1.1 ESTABLISH EXPERIMENT TEAM 

25 





25 

1.2 INITIATE FIELD SPECTRA ME AS. 

200 





200 

1.3 MODEL DEVELOPMENT 

150 

200 

250 



600 

1.4 EXTENDED AREA DATA ACQUISITION 


250 

300 

500 


1050 

1.5 MODEL VALIDATION & MODIFICATION 



100 

350 

350 

800 

1.6 DEMONSTRATION PROGRAM 




300 

350 

650 

1.7 OPTIMUM SYSTEM DEFINITION 





100 

100 

TASK 2: soil moisture experiments 






5300 

2.1 (ONLY ACTIVE MICROWAVE PORTION OF 

500 

800 

1200 

1500 

1200 

5200 

INTEGRATED PLAN) 







2.2 OPTIMUM SYSTEM DEFINITION 





100 

100 

TASK 3: watershed parameters and hydrology 






2 m 

3.1 INITIATE capability study 


200 




200 

3.2 EXTEND TO A VARIETY OF WATERSHEDS 



350 

400 


750 

3.3 DEVELOP HYDROLOGIC ALLY COMPATIBLE 


250 

350 



600 

MODEL 







3.4 VALIDATE MODEL 



100 

350 

350 

800 

3.5 CONDUCT FLOOD MAPPING 




200 


200 

3.6 DEFINE HYDROLOGY, WATERSHED, AND 





100 

100 

FLOOD MAPPING SYSTEM DEF. 







TASK 4: SEA AND GLACIER ICE 






2485 

4.1 ESTABLISH EXPERIMENT 

35 





35 

4.2 FORMULATE SEA ICE DEMONSTRATION 


50 




50 

4.3 START DEMONSTRATION PROJECT 



200 

350 


550 

4.4 INITIATE FLOATING ICE EXPERIMENTS 



500 

500 


1000 

4.5 PLAN GLACIERS & ICE SHEET STUDY 



50 



50 

4.6 INITIATE GLACIER 4 ICE SHEET EXP. 




350 

350 

700 

4.7 OPTIMUM SYSTEM SPECIFICATION 





100 

100 

TASK 5: prepare and issue annual and final 

25 

25 

25 

25 

25 

125 

REPORTS 







TOTALS 

935 

1775 

3425 

4825 

3025 

13985 
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TABLE 5. SURFACE MORPHOLOGY RESEARCH TASKS SCHEDULE 


TASK 1: 
TASK 2: 


TASK 3: 
TASK A: 

TASK 5: 


RADAR RETURN MODELING 

EFFECT OF RADAR VIEWING GEOMETRY ON 

MAPPING OF SURFACE TEXTURE AND 

TOPOGRAPHIC FEATURES 

RADAR STEREO MAPPING 

LAND FORMS AND DRAINAGE ANALYSIS 

WITH RADAR DATA 

RADAR MAPPING OF SURFACE AND NEAR 
SURFACE LINEAMENTS 



TABLE 6. RESOURCE REQUIREMENTS FOR SURFACE MORPHOLOGY (FY81 DOLLARS) K$ 


TASK 1: RADAR RETURN MODELING 

TASK 2; effect of radar viewing geometry on 

MAPPING OF SURFACE TEXTURE AND 
TOPOGRAPHIC FEATURES 

TASK 3: radar stereo mapping 
TASK 9: LAND FORMS and drainage analysis 

WITH RADAR DATA 

TASK 5: radar mapping of surface and near 

SURFACE LINEAMENTS 

TOTAL 


FY1 

FY2 FY3 

FY4 

FY5 

TOTAL 

300 

300 



600 


600 

800 

800 

2200 


300 

500 

700 

1500 

200 

300 300 

600 

500 

1900 

250 

350 A 50 

600 

500 

2150 

750 

950 1650 

2500 

2500 

8350 


important in both the engineering and mineral exploration 
applications of remotely sensed data. The research olon 
discussed below builds on promising work by USGS, and 
attempts to ochieve an appropriate model to describe this 
measurement process. Examinations of radar image charac- 
terizations, such as exture calibration, wavelength, and 
polarization, are required to determine the feasibility of this 
remote sensing technique to contribute to the discrimination 
of rocks, unconsolidated rock weathering products, and soils. 

Research Needs 

The ERSAR workshops concluded that active microwave 
remote sensing data have tlw poiential for unique detection 
of roughness of consolidated rock outcrops which con indi- 
cate grain size, degree of crystallinity, and porosity. These 
are important textural properties in rock classification. 
They also suggest a unique measurement potential for de- 
tection of size and angularity of unconsolidated rock 
weathering products (sand, gravel, cobbles, boulders, or 
bluffs) which is the basis for classification of these 
materials. There also appears to be some potential for 
detection of the moisture contained in consolidated rocks 
and rock weathering products. Contained moisture can 
indicate porosity and permeability of rock material. 


These potential measurement capabilities are significant 
since: 

1. An improved ability to discriminate materials at the 
surfoce would lead to the extraction of additional in- 
formation on the presence of consolidated rock outcrops, 
unconsolidated rock weathering products, and soils. 

2. An improved ability to discriminate water contained 
in materials would leod to the extraction of information on 
the condition of materials containing moisture. 

3. The determination of the types of materials at the 
surfoce and the condition would be valuoble in locating 
sources of agyegate and quarry rocks; pinpointing outcrops 
for field analysis; analyzing landslide potential; and deter- 
mining suitable locations for highway rights-of-way. 

A. An improved discrimination of rocks and unconsoli- 
dated rock weathering products and soils would lead to 
extraction of more geological information on geomorphic 
processes operating at the surface; mineral composition and 
texture stratigraphic sequences; and structural relationships. 

5. Additional geological information leads to improved 
geological models of the evolution of the geologic frame- 
work; structural and stratigraphic processes; and concen- 
tration of minerals and hydrocarbons in the crust. 

6. An improved discrimination of soils leads to improved 
understanding of their relationships to parent rock materials 





original page IS 

ai 1 A! Ill 


and their ability to support agriculture. 

At present, considerable information exists concerning 
active microwave remote sensing of various types of uncon- 
solidated rock weathering products. However, there is an 
inadequate understanding of the influence of different 
system parameters (frequency, polarization, etc.) on the 
information which can be extracted from radar data with 
respect to roughness of consolidate j rock outcrops. Similar- 
ly, little is understood concerning the (^electric properties 
of consolidated rocks at microwave frequencies; the effects 
of contained water on the dielectric constant of 
consolidated rocks; or the relationships of soil chemistry to 
dielectric constant. 

The research needs in this area include: 

1. Theoretical, laboratory, and field research to deter- 
mine the relationships between radar measurements and 
surface roughness ot different frequencies, polarizations, 
and incident angles for different types of rocks and soil 
materials. This work should focus on the separability of 
rock outcrop, soils ond unconsolidated rpek weathering 
products such as silt ond clay, sand, grave), cobbles, ond 
boulders. The research should include an evaluation of rock 
textural attributes expressed by roughness; size and 
angularity of unconsolidated rock weathering products; 
chemical composition of soils; and the effects of contained 
water. This effort should result in the development of data 
interpretation models which relate radar measurements to 
the type and condition of rock and soil materials. 

2. Evaluate the discriminability of rock ond soil ma- 
terials over test sites in different physiographic environ- 
ments. This research should include on evaluation of the 
effects of climate on contained moisture, and the relation- 
ships of moisture to discrimination of rocks and soils; of the 
effects of climate on rock outcrop weathering and its re- 
lationship to discrimination of rocks; ond of the effects of 
minor amounts of vegetation (less than 30%) on discri- 
mination of rocks and soils in different environments. 

3. Develop interpretation models to derive geological 
information from information on the distribution of rocks 
and soils as determined from the analysis of active micro- 
wave data. This activity should include the development of 
models to relate materials discriminated by active micro- 
wave data through rock ond soil forming processes; models 
to relate radar-discriminated rock units to lithology ond 
stratigraphic sequence; ond models to relate spatial varia- 
tions and units discriminated in active microwave sensor 
data to geologic structure. 


A. Develop interpretation models to derive ogronomic 
information from information on the distribution of rocks 
and soils as determined from the analysis of active micro- 
wave image data. These models should o dd r ess the relation- 
ship between rodar-discriminated soil units and soli erosion, 
and the relationship between rodar-discriminated soil units 
and vegetation production potential. 

Research Objectives 

1. Development of o set of theoretical models which 
relate radar bockscatter to rocks, unconsolidated rock 
weathering products, and soils. 

2. Determination of the types of agror.jmic and geologic 
information which can be extracted from SAR radar data. 

3. Determination of digital analysis procedures for 
quantitative analysis of SAR data. 

A. Define specifications of optimum radar system and 
mission parameters for discrimination of rocks ond soils. 

5. Define the software ond system requirements for 
prepr< cessing of SAR data. 

Research Tasks 

Task I; Microwave Interaction with Geologic Surfaces 

Theoretical models development and experimental verifi- 
cation of the interaction of microwaves with natural 
surfaces. Study effect of surfoce roughness, slope and 
dielectric constant and subsurface inhomo g eneities. Study 
ond model the effect of the rod®- frequency, po!®ization 
and angle of incidence, and relationship of roughness and 
dielectric constant to rock type. 

Task 2: Effect of Vegetation on the Rod® Scattering 
from Geologic Surfaces 

Modeling and field verification of rod® scattering from 
different sites with a variety of s®face cover, ranging from 
bare soil to full vegetation cover. Study effect of volume 
scattering from vegetation. Verify to what exte radar 
signal penetrates the vegetotion cover. 

Tosk 3 s Rock Discrimination Using Rod® Image Text®e 

Develop and verify procedures to discriminate rock types 
based on image texture. Develop alg®ithms f® automatic 


TABLE 8. ROCKS AND SOILS RESEARCH TASKS SCHEDULE 


TASK 

1: 

MICROWAVE INTERACTION WITH GEOLOGIC 
SURFACES 

TASK 

2: 

EFFECT OF VEGETATION ON THE RADAR 
SCATTERING FROM GEOLOGIC SURFACES 

TASK 

3: 

ROCK DISCRIMINATION USING RADAR 
IMAGE TEXTURE 

TASK 

4: 

ROCK DISCRIMINATION FROM MULTI- 
SPECTRAL RADAR/ LANDSAT IMAGES 

TASK 

5: 

RADAR IMAGE CALIBRATION AND QUALITY 
ASSESSMENT 

TASK 

6: 

RADAR DETECTION OF GEOBOTANICAL 
ANOMALIES 


m 

FY2 

FY3 

FY4 

FY5 
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TABLE 8, RESOURCE REQUIREMENTS FOR ROCKS AND SOILS (FY81 DOLLARS - K$) 


TASK 1: 

MICROWAVE INTERACTION WITH GEOLOGIC 
SURFACES 

TASK 2: 

EFFECT OF VEGETATION ON THE RADAR 
SCATTERING FROM GEOLOGIC SURFACES 

TASK 3: 

ROCK DISCRIMINATION USING RADAR 
IMAGE TEXTURE 

TASK 4: 

ROCK DISCRIMINATION FROM MULT I - 
SPECTRAL RADAR/LANDSAT IMAGES 

TASK 5: 

RADAR IMAGE QUALITY ASSESSMENT 

TASK 6: 

RADAR DETECTION OF GEOBOTANICAL 
ANOMALIES 

TOTALS 


FY1 

FY2 

"tvt 

“TV 4" 

FY5 

TOTAL 

200 

300 

200 



700 


100 

300 

400 

400 

1200 

300 

400 

400 

500 

500 

2100 

400 

500 

700 

800 

700 

3100 

100 

200 

200 

100 


600 




200 

400 

600 

1000 

1500 

1800 

2000 

2000 

8300 


discrimination and quantitative classification. 

T ask 4 ; Rock Disci iminotion from Multispcctrol Rodor/ 
LanHsct Images 

Develop and verify procedures to discriminate surface 
rock types using the tonal information in radar images. 
Determine the role of using multispectral/multipolarization 
radar data in conjunction with visible/infrared data. Devel- 
op techniques for registration of images from different 
sensors. 

Task 5 . Radar linage Quality Assessment 

Develop quantitative criteria for assessing the effects of 
different image parameters (number of looks, resolution, 
pixel size, etc.) on the interpretability of the image. 

Task 6 ; Radar Detection of Geobotonical Anomalies 

Determine the capability of the radar sensor, bv itself or 
in conjunction with visible/infrored sensors, to detect 
botanical anomalies. Determine physical mechanisms which 
allow the detection. Relationship of botanical anomalies to 
surface geology. 

Schedule 

A five-year program schedule for the research tasks in 
the rocks and soils area is shown in Table 7. This schedule is 
highly dependent upon the orderly progression of the 
technology support activities. 

Resources 

The required resources to accomplish the proposed tasks 
ore listed in Table 8. 

MAN-MADE STRUCTURES 

This emphasis area concentrates on those aspects of land 
cover analysis associated with the man-made environment. 
Such information can provide on important input in attempt- 
ing to understand the complex factors which influence urban 
expansion as well os aiding in improving interurban land 


cover categorization accuracies. The research plan 
capi talizes on the indicated potential of active microwave 
sensor data to enhance man-made structures. It builds from 
the very promising ongoing studies using Seasat and aircraft 
SAR images. Development of applicable empirical models 
and suitable processing and classification procedures is 
incorporated in the research tasks with a primary emphasis 
on quantifying the cartographic properties and planimetric 
accuracy of radar images. 

Research Needs 

The ERSAR Program Definition Workshop Report con- 
tains a complete analysis of the types of studies required to 
properly define both the utility of synthetic aperture radars 
for the study of man-made structures associated with urban, 
near urban, and noo-agricultural land uses, and also to 
provide the data and measurements necessary for designing 
a radar optimized for collecting data from such earth 
scenes. The highly regular and symmetrical geometries of 
many of these surfaces ond the generally high-conductivity 
of surfaces associated with man-made structures, provide an 
enhancement of the radar signal reflected from these 
objects. Also, due to the spatiol relationships between such 
classes of earth surfaces, they are often separable from one 
another. In many areas urbanization is encroaching onto 
surrounding rural lands. This encroachment produces a 
sharply contrasting class of land cover and associated mon- 
mode structures. This process is typified by an increase in 
the regularity of spacing of units ond a decrease in the 
overall size of land units or parcels. This variation can be 
detected and measured by high revolution synthetic aperture 
radar sensors. This renders such systems viable candidates 
for monitoring the expansion of this urban fringe. 

Man-tnade structure related research needs, as defined in 
the ERSAR Program Definition Workshop report are identi- 
fied in five major areas: 

1. Establishment of models to characterize the re- 
lationships between radar backscatter measurements and 
land cover elements and time in a variety of environments. 

2 . Improvement cf the understanding of the effects of 
active microwave system parameters on the ability to 
accurately classify land cover; 

3. Improvement of the understanding of the influence of 
environmental chances on radar bockscatter measurements; 
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4. Development of o set of preprocessing and classifi- 
cation algorithms to taks maximum advantage of the 
potentially unique character of active microwave data for 
land cover analysis (textural information, enhancement of 
man-made structures, etc,)? and 

5. Assessment of cartographic potentials of active 
microwave dato with respect to the national map accuracy 
standards. 

The first four tasks outlined above are considered as the 
top priorities in assessing the role of rodar for land cover 
analysis particularly os they relate to man-mode structures. 
Only after the texture and geometry contributions of rod or 
have been established will the methods and problems of 
cartographic display be pertinent to land cover studies. 
However, the last task will be critical regardless of the 
nature of the earlier findings because much of the work in 
the other cflsciplines will require cartographic (map) display. 
Moreover, if radar data are to be integrated with and 
merged into (along with other sensor and ancillary data) 
geebased or georeferenced information systems for modeling 
and analysis, the techniques and procedures for registering 
such multi-dimensional data to a common base must be 
defined and addressed. For these reasons, the last task 
should be pursued independent of the results and conclusions 
derived from the first four. 

At the present time, little information concerning the 
ability of synthetic aperture radar sensors to provide* needed 
data on man-made structures in urban and near urban areas 
is available. This is due primarily to the lack of adequate 
data sets of such features coupled with sufficient end 
accurate simultaneous ground descriptions of the scenes. 
Thus, little con be convincingly stated concerning frequen- 
cies, look angles, polarizations, etc. for optimizing the ex- 
tracting of pertinent man-made structure and related land 
cover data, as such, an integral and necessary part of the 
proposed research involves the collection of radar data from 


a variety of regional urban centers which are expanding and 
changing and exhibit a variety of man-mode structure 
related land cover types? tech data are to be studied by 
researchers in the regional area who are both familiar with 
the land use and unique environmental conditions of the 
area. It is proposed that this array of urban, suburban, rural 
scenes include Las Angeles, Seattle, Atlanta, Houston, 
Washington, D.C., Indianapolis, Denver and Miami, among 
others. 

Level II land cover classification sch eme (as defined in 
USGS Prof. Paper 965) is to be employed, and it is suggested 
that priority be given to the following elements 

1. residential 

2. strip and clustered settlement 

3. open areas and transition areas on the urban fringe 

4. extractive activities 

5. vegetated wetlands 

These are the lard cover components which are believed, 
becouse of the uniaue nature of the active microwave dato, 
(moisture sensitivity, textural information) to be the ones in 
which such microwave (fata will be most beneficial with 
respect to discrimination from odjocent uses. 

That land cover data are needed as a basis for informa- 
tion systems and decision-making for all aspects of resource 
management, conservation and allocation of activities at all 
levels of government and within the private sector as well, 
is o moot question. The acquisition of such information via 
intense ground surveys is exhaustively expensive, and the use 
of standard aerial surveys is often inadequate. The synaptic 
coverage provided by Landsat has expanded the horizons for 
such work but there are limitations on the t'-pes of mon- 
related land use which may be extracted oy using this 
(visible/ infrared) remote sensor. The addition of action 
microwave data to the presently available array of sensor is 
encouraged by the presently available and emerging research 
results. To verify the validity of such (often preliminary) 


TABLE 9. MAN-MADE STRUCTURES RESEARCH TASKS SCHEDULE 


TASK 1: MODEL RADAR BACKSCATTER FROM MAN-MADE 

STRUCTURES 

-ESTABLISH SCIENCE TEAM 
-ACQUIRE DATA BASE 
-DEVELOP MODELS 
-TEST MODELS 
-SIMULATE SAR DATA 

TASK 2: PROCESSING AND CLASSIFICATION PROCEDURES 

FOR RADAR DATA 

-ASSESS PREPROCESSING AND CLASSIFICATION 
ALGORITHMS 

-PREPROCESS SAR DATA 
-TEST PREPROCESSING TECHNIQUES 
TASK 3: CARTOGRAPHIC PROPERTIES AND PLANIMETRIC 

ACCURACY OF RADAR DATA 
-ACQUIRE SEASAT SAR DATA 
-ANALYZE SAR IMAGE CHARACTERISTICS 
-DETERMINE CARTOGRAPHIC ERRORS 

FY1 

FY2 

FY3 

FY^ 

FY5 














— 
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TABLE 10. HAN-MADE STRUCTURES RESOURCE REQUIREMENTS (FY81 DOLLARS - K$) 




FY1 

FY2 

FY3 

FY4 

FY5 

TOTAL 

TASK 1 

MODEL RADAR BACKSCATTER FROM 

206 

1299 

748 

427 

610 

3293 

TASK 2 

MAN-MADE STRUCTURES 
PROCESSING AND CLASSIFICATION 

300 

1016 

766 

517 

563 

3522 

TASK 3 

PROCEDURES FOR RADAR DATA 
CARTOGRAPHIC PROPERTIES AND 
PLANIMETRIC ACCURACY OF RADAR 

200 

314 

239 

277 

480 

1618 


DA 1 A 

TOTALS 

706 

2629 

1753 

1321 

1653 

8423 


results as are available together with the definition of 
optimal radar systems for such work is the thrust of this 

research. 

Research Tasks 

Task l i Model Radar Backseat ter from Man-Made 
Structures 

Develop empirical models which relate radar returns to 
specific classes of man-mode structures in a variety of 
environmental settings. 

Task 2 : Processing and Classification Procedures for 

Radar boto 

Identify preprocessing and/or classification algorithms 
which optimize identification of man-made structures when 
SAR data are used as input to pattern recognition 
procedures. 

Task 3 t Cartographic Properties and Planimetric Accuro- 
of ft odor Data 

Determine the map accuracy of SAR data over a given 
scene. 

Schedule 

A five-year program schedule for the research tasks in 
the man-made structures area is shown in Toble 9. This 
schedule is highly dependent upon the orderly progression of 
the technology support activities. 

Resources 

The required resources to accomplish the proposed tasks 
are listed in Table 10. 

TECHNOLOGY AND SUPPORT SYSTEMS 

The ERSAR Program Definition Workshop Report con- 
tains a thorough analysis of the measurement systems re- 
quired to conduct the research tasks specified in each ap- 
plication area. This analysis leaves no douht that the major 
problem which must be resolved in order to implement this 
research program is that of acquiring usable experimental 
measurenrents. Existing sensors and data processing facili- 
ties are inadequate to support the proposed research. 

The highest priority need in this program is to update, 
refurbish, calibrate, and improve the reliability of present 
truck-based and aircraft sensors and accompanying data 


processing facilities. The second highest priority needs is to 
increase the available data acquisition and processing 
capability, with immediate emphasis on truck-based sensor 
systems. The ERSAR Program Definition Workshop Report 
lists the specific systems required, and identifies an 
approoch to accomplish these objectives. Major segments of 
this program must be delayed pending the completion of 
these two activities. 

In general, the following tasks must be undertaken at the 
onset of the program: 

1. Improve existing truck-based and aircraft sensor 
systems ond data processing facilities to include calibration, 
reliable performance, and satisfactory data acquisition, re- 
cording, and throughput rates. 

2. Develop the required additional truck-based ond air- 
craft sensor systems and data processing facilities including 
new wovelength chonnels on selected, existing sensors; 1-18 
GHz truck-based spectrometer; and helicopter-mounted 
scatterometer sensor. 

3. Develop improved radar calibration techniques, image 
registration ond preprocessing methods, radar stereo techni- 
ques, and image quality specifications. 

k. Develop high-capacity SAR digital processor, and 
Investigaie advanced radar system concepts such os Multi- 
ple-Beam SAR and SC AN SAR as possible alternatives to 
conventional SAR sensors for future satellite systems. 

A review of tire requirements for rodar systems, data 
processing improvements ond other active microwave tech- 
nology developments clearly shows that certain of These 
systems development needs are shored by several of the 
applications areas ond may be viewed os a common denomi- 
nator to a viable program of octive microwave research. 
Many of the radar sensors and data processing techniques 
ore already partly or fully operational. However, o number 
of new frequencies, polarizations and platforms that are not 
now in the planning stages wilt be needed if all of the 
requested research needs are to be met. 

The list provided in Table II is a summary of imaging ond 
non-imaging radar systems. This table was compiled by the 
ERSAR Program Definitions Working Group. It is organized 
by the topic areas: agriculture, geclogy, land cover, and 

water/ice/snow, which overlap the five emphasis areas used 
in this Dlan. 

The mere existence of these radar systems does net 
insure that the research needs outlined by the applications 
panels will be met. There are other crucial elements to 
meeting the research needs. For example: 

l. Both image and non-image data must be carefully 
processed to provide final data products in a form which has 
clear quantitative meaning in tetms of radar cross section 
and location. Furthermore, processing techniques must be 
developed which allow merging of data for multi-temporal, 
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TABLE 11 

APPLICATIONS REQUIREMENTS FOR TECHNOLOGY DEVELOPMENT 


RESEARCH NEEDS 


AGRICULTURE 


1. Radar response from 
croplands 


2. Radar response from 
forests 


}. Radar response from 
toi I moisture 


A. Radar response from 
rangeland vegetation 


$. Radar response from 
soil salinity 


Image analysis and 
pattern recognition 
techniques 


I. Provide extensive 
land SAR data base 


Determine quant, 
relationship between 
geologic surface 
variables and radar 
system parameters 



Digital Merging 
of C-IJO 
MSS/VI A and 
X-band SAR 
Images 


♦20 « Men/opt leal 
(7-band) merging of SAR 
and HSS/VIR 
♦SO m data 
(F-band) 



Large 

Incidence 
ang la, 
spaceborne 
SAR 


L*band, 

L-band, 

C-band, 

C^bafxJ , 

X-band 

X-band 

SARs, 
dua 1 -pol . 

1 0°-60° 



I-I 8 GH 1 

♦ 1 dB 

JPL Truck 

relot Ivas 

MAS 

*2.S dt 
absolute 


Merging of 
multi-frequency 
end mu'! t i • 
pol . SAR Images 
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TABLE 12 
EXISTING SYSTEMS 


Category 

Organization 

Frequency 

Polarlzat Ion 

Angle of Incidence 

Process Ing 

Status 

Truck-based 

KU 

1-18 GHz 

Dual 



Operational 


JSC 

L. C. K 

Dual 

5° to 70° 


Planned 


TAMU 

X. L 

Dual 


Planned 


JPL 

1 - 1 8 GHi: 

Dual 


Digital 

Under devel- 







opment 

Hel (copter 

KU 





Needs system 

Integration 

support 

Ai rcraf t 

JSC 

P, L. C, K 

Dual except 

5° to 60° 

Digital 

Operational 

Scatterometers 



K 




Ai rcraft 

JPL 

L-band 

Dual 

0 to 60*j 

Opt leal/ 

Operational 

Imag 1 ng 





Digital 


Radars 

JSC 

C, X 

X dual, C,HH 

X 10° to 60° 

Optical 

Operational 


ERIN 

L, X 


C 10° to 35° 

Optica) 

Operational 


Goodyear 

X 



Optica) 

Operational 


JSC/ JPL 

1-10 GHz 

Dual 

10° to 6C° 

Dlgltai 

Under devel- 







opment 

Shuttle Imaging 

JPL/JSC 

L 

HH 

* 5° 

Optical 

Under devel- 

Radar 






opnent 

Radar 

JPL 

tOO- 200 MHz 


0 

Digital 

Under devel- 

Sounder 






opment 


multi-frequency and multi-polarization comparisons and 
composites. This requires careful attention to system 
calibration and registration, which in turn demands a 
substantial engineering development effort. 

2. A second element is the recognition that for those 
high priority applications areas for which systems are de- 
signed, o very substantial investment must be made in dofa 
analysis and interpretation after the radar system has been 
shown to function properly. Unfortunately, in the past, this 
analysis/interpretation element has been poorly funded in 
relation to the sums spent on the radar system development 
so that the eventual or potential utility of the data for 
which the system was designed has often not been conclusi- 
vely demonstrated. 

3. A third element or philosophy implicit in most of the 
research needs is the assumption that truck and aircraft 
scatter ometer data, when supplemented by aircraft imagery, 
can be used to provide a convincing case for the utility of 
spoceborne SAR data in meeting basic information needs. 
However, for any given specific proposed synoptic data need 
such as the measurement of snow pock water content, it 
must also be demonstrated that SAR system design para- 
meters con be identified which will eventually lead to space 
imagery which con be used to measure snowpack wetness. In 
other words, after truck or aircraft data have established a 
sensitivity of radar data to a scene characteristic, it will 
then be necessary tn define and verify spoceborne SAR 
parameters required for that application. 

As is true for the analogous situations for visible/infro- 
red imaging, there : s a need common to almost all of The 
requirements for SAR imagery for preprocessing procedures 
which (a) reduce data dependence on look and incident 
angles, (h) eliminate atmospheric effects, (c) reduce speckle 


effects, (d) geometrically register imagery with standard 
projections, (e) eliminate topographically induced image- 
distortions at the higher frequencies, and (f) identify the 
effecl of resampling after these preprocessing corrections. 
For aircraft scatter ometer data, digital procesiing pro- 
cedures must be used which correct for the aircraft flight 
parameters ond which provide calibrated profiles of rodar 
scattering coefficient versus a nadir time which con be 
easily related to ground location by correlation to photo- 
graphic images. Finally, in addressing the widespread re- 
search need for merged imagery frem a variety of sensors, 
there is a requirement to examine the feasibility of standard 
merged projections ond to document the data processing 
tasks necessary to support this requirement. 

Table 12 is a simplified summary of the radcr systems 
which are now either in existence or which are under 
development. It is especially noteworthy that there are no 
operational helicopter -borne scatter ometer systems in exis- 
tence, and that most of the aircraft imagery is presently 
processed by optical techniques. 

It is apparent that additions to the present complement 
of sea* lerometers and imaging radars are needed if all of 
the applications needs ore to be met. A summary of needed 
technology developments, as derived from the previous 
discussion, is presented in Table IJ, without ranking by 
priority in terms of research needs. 

Truck-bosed Scatter ometers - It is opporent that the 
present truck-based scatterometer systems cannot cope with 
either the deta quantify or the timeliness required for 
meeting the research needs of the applications areas. 

Truck-ocquired measurements of the rodar scattering 
coefficient are crucial to basic research needs in the areas 
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TABLE 13 

NEEDED TECHNOLOGY DEVELOPMENTS 
(not ranked by priority)* 


Category 

Organlz <t on 

Frequency 

Polarization 

Angle of Incidence Processing 

Status 

Truck -based 

JSC 

X-band 

Duel 

5° to 70° 

Add to present 






system 


TAMU 

X, C, L 

Duel 

II 

II 


JPL 

1-18 GHz 

Oual 

II 

Under develop- 






ment 


University 

1-18 GHz 

Dual 

II 

New 

Scatterometers 

JSC 

L-band* 


II 

Replace out- 






moded L-band 
hardware 


JSC 

X-band 

Dual 

It 

New X-band 






system 


JSC 

K 

• Cross 

It 

Replace cut- 






moded ' 
hardwa j, 
add duul 
polarization 

Hel I copters 

JSC/KU 

L-band and 

Dual 

II 

Adaptation of 



1-18 GHz 



KU system 

Aircraft SAR 

JSC 

C-band 

Cross 

10° to 60° 

Add to present 


JPL 

L-band 


Digital 

Add to dig! tel 






processing 
to present 
L-band 


JSC 

K-band 

Dual 

•1 

New 


*Prloritfes to be set by aoplications experiments teems 


of crop land, soil moisture, rouge I and vegetation, quanti- 
tative geology, hydrology, and snowpack investigations. The 
only fully operational truck-based 1-18 GH 2 spectrometer is 
the University of Kansas system. In order to take advantage 
of other truck systems which have partial capability, it is 
recommended that an additional X-band dual-polarized 
channel be added to the NASA/JSC system, and that both C 
and L-band channels be added to the Texas A & M truck 
system. The JPL 1-18 GHz truck-based spectrometer should 
he completed. A polarimeter capability should also be added 
to this system for geology studies. In view of the fact that 
these systems might stilt be unable to meet the stated 
research needs, on entirely new truck scatter cxnetor univer- 
sity-based research facility moy be required. This should be 
a 1-18 GHz spectrometer, 

Aircr- 't-bose d Scatterometers - In order to answer the 
research needs For basic information on optimum fre- 
quencies for crop land, forest and geology remote sensing; it 
will be necess ~y fo odd an X-bond dual -polarization 
scatter ometer to the NASA/JSC C-130 aircraft and also to 
odd cross-polarization capability to the present K-band 
scafieromefer. 

Helicopter -based Scatterometer - Basic research needs 
for fundamental data in the areas of forest and urban land 
cover remote sensing require scatterometer data over a 
wide angular range Pom o plotform that con either hover or 
traverse over selected areas. In order to minimize totol 
system costs, the scatterometer systems would be used as 0 


strop-on package for use with locolly available rental 
helicopters. 

Air craft SAR Imagers - The present NASA/ JSC C-bond 
SAR - acquires <iata in the HH mode. Dual-polarization 
capability should be odded to this WB-57 imager. Digital 
processing capability is needed for all aircraft SAR imogery, 
inclining the JPL L-band SAR which at present has limited 
digital processing capability. In order to answer fundamen- 
tal questions on optimum frequencies (X versus K-baods) for 
radar remote sensing of crop lands, a new K-band aircraft- 
based SAR may be required. Sines this would require o 
completely new system development which would be relati- 
vely costly, o recommendation for the engineering develop- 
ment of such o system would come only after o careful 
examination of X and K-band aircraft scatter ometer dato 
showed that there was justification. 

In oddltion to the above specific radar systems, there are 
numerous fundamental technology efforts which are 
necessary in order to support the research needs of the 
applications areas. These can be broaaly grouped into (I) 
system calibration and data processing and (2) advanced 
engineering iystems. Of these two general areas, the most 
important task is the calibration and standardization of data 
from existing aircraft scatterometer and imaging r odors. 
This meons that reliable, calibrated ond standardis'd data 
must be available from the present complement of sensors in 
order to make meaningful quantitative measurements. 
After demonstrating the potential of the present instrumen- 
tation to provide repeotable measurements, implementation 
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of advanced engineering systems concepts such as multi- 
frequency, multi-polarization, calibrated SAR sensors con 
pr '*ed. 


Technolc 


ent Tasks 


Task li Improvements to Present Radar Systems 

A. Add an X-band dual -polarized scatter ometer to 
the NASA/ JSC truck system. 

B. Add C ond L-bond dual-polarized scotterometer 
charnels to the TAMU truck system. 

C. Complete the JPL 1-18 GHz truck-borne octive 
microwave spectrometer and odd polarimeter capability. 

D. Replace outmoded hardware on the NASA C-130 
L-band scatterometer. 

E. Replace outmoded hat dware and add dual-polari- 
zation capability to the NASA C-130 K-band scatterometer. 

F. Add digital processing capability to all aircraft 
imagers. 

G. Add dual-polarization capability to the WB-57 C- 


band SAR. 

H. Complete JPL radar sounder. 

Task 2 i Truck and Aircraft Rodor Systems 

A. Addition of dual-polarized K-band SAR to WB-57. 

B. Addition of X-band dual -polar I zed scatterometer 
to C-130 aircraft and addition of on-board scatterometer 
data processing facility for all frequencies. 

C. Adapt L-band and 1-18 CHz dual-polarized KU 
helicopter-borne strop-on scatter ometers, and develop 1-18 
GHz microwove octive spectrometer. 

Task 3 Dtp Processing and Calibration Techniques 

A. Calibration ond standcrdization of active micro- 
wave sensors. 

8. SAR image quolity/imoge registration and trans- 
lation Into system specifications. 

C. Pixel preprocessing of SAR imagery. 

D. Azimuth angle dependence of rodor backscatter. 


TABLE 1H, TECHNOLOGY AND SUPPORT SYSTEMS TASK SCHEDULE 


YEAR 1 I YEAR 2 1 YEAR 3 1 YE 


TASK 1: IMPROVEMENTS TO PRESENT SYSTEMS 

A. X-BAND TRUCK SCATTEROMETER JSC 

B. C AND L-BAND TAMU SCATTEROMETER 

C. COMPLETE JPL 1-18 TRUCK SCATTEROMETER 

D. UPGRADE C-130 L-BAND SCATTEROMETER 

E. UPGRADE C-130 K-BAND SCATTEROMETER 

F. A/C SAR DIGITAL PROCESSOR 

G. C-BAND SAR DUAL 

H. COMPLETE JPL RADAR SOUNDER 

TASK 2: new truck and aircraft systems 

A. K-BAND SAR DEVELOPMENT 

Bl. ADD X-BAND A/C SCATTEROMETER 

B2, UPGRADE SCATTEROMETER DATA PROCESSING 

Cl. HELICOPTER SCATTEROMETER DEVELOPMENT 

C2. NEW 1-18 GHZ TRUCK-BORNE MAS 

TASK 3: data processing and calibration techniques 

A. calibration and standarization of activf 

MICROWAVE SENSORS 

B. SAR IMAGE QUALITY/IMAGE REGISTRATION AND 
TRANSLATION INTO SYSTEM SPECIFICATIONS 

C. PIXEL PREPROCESSING OF SAR IMAGERY 

D. AZIMUTH ANGULAR DEPENDENCE OF RADAR 
BACKSCATTER 

TASK 4: advanced radar systems 

A. DEVELOPMENT OF HIGH CAPACITY, EFFICIENT 
SAR PROCESSING SYSTEM 

B. SQUINT-MODE, MULT I BEAM SAR AND SAW/CCT 
TECHNOLOGY STUDY 

C. BISTATIC RADAR INVESTIGATION 
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TABLE 15. TECHNOLOGY & SUPPORT SYSTEMS FUNDING REQUIREMENTS (FY81 DOLLARS - K$) 



1 

FY1 

FY? 

FY3 

FY4 

FY5 

TOTAL 

TASK 1: IMPROVEMENTS TO PRESENT SYSTEMS 

A. X-BAND ADDITION TO JSC TRUCK SCATTER- 
OMETER 


30 




30 

B. 

c- AND L-BAND ADDITION TO TAMU TRUCK 
SCATTEROMETER 


100 

75 



175 

C. 

COMPLETION OF JPL TRUCK SCATTEROMETER 

100 

300 




400 

D. 

UPGRADE C-130 L-BAND SCATTEROMETER 


250 

100 



350 

E. 

UPGRADE C-130 K-BAND SCATTEROMETER 


250 

100 



350 

F. 

UPGRADE A/C SAR DIGITAL PROCESSING 

90 

200 

550 

200 

150 

1190 

G. 

DUAL-POLARIZATION ADDITION TO JSC 
C-BAND SAR 



300 

50 


350 

H. 

RADAR SOUNDER (100-200 MHZ) 


200 

200 



400 

TASK 2: new truck and aircraft systems 

A. K-BAND AIRCRAFT SAR 




300 

500 

800 

Bl. 

X-BAND AIRCRAFT SCATTEROMETER 

300 

100 




350 

B2. 

SCATTEROMETER REAL TIME DATA 
PROCESSING 

60 

60 




120 

Cl. 

HELICOPTER SCATTERMOETER SYSTEM 


50 

250 

150 


450 

C2, 

1-18 GHZ TRUCK-BORNE SCATTERMOETER 
SYSTFM 



300 



300 

TASK 3: data processing and calibration 

TECHNIQUES 

A. CALIBRATION AND STANDARDIZATION OF 
ACTIVE MICROWAVE SENSORS 

50 

200 

200 

200 

200 

850 

B. 

SAR IMAGE QUALITY/ 1 MAGE REGISTRATION 
AND TRANSLATION INTO SYSTEM 
SPECIFICATION* 


100 

300 

300 


700 

C. 

PIXEL PREPROCESSING OF SAR IMAGERY 


300 

300 

300 


900 

D. 

AZIMUTH ANGULAR DEPENDENCE OF RADAR 
BACKSCATTER 



100 

100 

100 

300 

TASK A: ADVANCED RADAR SYSTEMS 







A. 

DEVELOPMENT OF HIGH CAPACITY, 
EFFICIENT SAR PROCESSOR SYSTEM 


450 

1500 

1000 

500 

3450 

B. 

SQUINT-MODE, MULTI-BEAM SAR AND 
SAW/CCT TECHNOLOGY STUDY 



100 

100 

100 

300 

C. 

BISTATIC RADAR INVESTIGATION 



200 

200 

200 

600 


TOTALS 

600 

2590 

4575 

2900 

1750 

12415 


Tctk 4. Advonced Rcdor Systems 

A. Development of high capacity, efficient SAP, 
processor system. 

B. Squint-mode multi-beam SAR ond 5AW/CCT tech- 
nology study. 

C. Bistatic radar investigation. 

Schedule 


the applications research effort. 

Resource. ; 

Table 15 lists *he funding required for the technology 
development tasks. 

PROGRAM EVALUATION PROJECTS 

Attentive monitoring ond coordination of the several 
simultaneous activities involved in this program is ex- 


Table 14 identifies the task schedule required to support 
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tremely important If the overall objective is to be achieved. 
In view of the sire, cost, and complexity of this re sea r ch 
effort, a series of independent evaluation projects should be 
conducted under the direct control of the Steering Com* 
mi t tee. These studies will help ensure that the results are 
valid, and ttiat the research tasks proposed for each 
subsequent year are appropriate to the respective object- 
ives. 

The evaluation tasks involves three related activities) I) 
evaluation of models, 2) evaluation of measurement techni- 
ques, and 3) annual review of the proqram, Each evaluation 
task is expected to be o relatively small effort which might 
involve a single recognized expert reviewing the results of 
one research area, e.g. model of radar backseat ter from 
snow. The objective of each evaluation task is to verify, via 
independent examinations, that the experiments are properly 
structured; that the analyses are appropriate; and that the 
conclusions reached are reasonable relative to the support- 
ing evidence. 

Research Tasks 

Task I: Model Evaluation 

Evaluate theoretical and empirical models developed in 
the respective application tusks, e.g. soil moisture, water 
budget, etc., using alternate approaches, when applicable, 
and previous results reported in 'he relevant literature to 
verify the parametric dependences predicted in the subject 
models. Special attention should be given to confirming that 
a sound theoretical basis exists for all empirical models. 

Task 2 : Measurement Techniques Evaluation 

Evaluate truck-based, airborne, and satellite sensor 
measurement techniques to confirm that adequate con- 
sideration has been given to all confusion factors, e.g. that 
fading statistics are properly averaged; that the calibration 
procedure is appropriate; that the precision of the measure- 
ments has been adequately determined; that the ground- 
truth and environmental data are sufficiently complete and 
accurate; that the data processing procedures are appro- 


priate; and, in general, to establish the confide nce level of 
the erqviiiiH dql data. This task also includes an evaluation 
of the i .pacifications for future truck booed, aircraft, 
and satellite sen sor s which result from the various applicat- 
ion research programs to ensure that the p ro po se d instru- 
ments can record the desired measurements. 

Task 3» Program Review 

Conduct an annwol review of the tec h nical results to 
assess and doc u ment progress and to provide information far 
program priorities and required funding levels for the next 
yew. This review should use a symposium format with an 
accompanying workshop. A technical p ro c ee din gs document 
should be prepared. 

Task Schedule and Resources 

The proposed schedule of evaluations and review is dtawn 
in Table 16. This schedu'e i> nighty dep endent upon the 
progress mode in the relevant application r es e a r ch 
programs. The estimated resource requirements ore shown 
in Table 17. It is expected that these resources wilt fund 
independent studies by investigators not Erectly Involved in 
the applications research programs. 

CONCLUSION 

The ERSAR Committee recommends that on octive 
microwave remote sensing research program be implement- 
ed by the Office of Space and Terrestriol Applications 
beginning in FY 1981. 

In developing this plan, it became obvious that the pace 
of the overall research program will be governed by the 
availability of useful data acquisition systems, and that the 
scope oi programs will be governed by the availability of 
qucllfie'i researchers. 

this document provides guidelines for the process of 
transforming the several discipline specific research teaks 
developed by the ERSAR Program Definition Working Group 
into a viable Active Microwave Remote Sensing Research 
Program. This plan provides the basis for o detailed imple- 


TABLE 16. PROGRAM EVALUATION TASKS SCHEDULE 


TASK 1: MODEL EVALUATION 

-SOIL MOISTURE 
-SNOWPACK 

-SURFACE ROUGHNESS 
-VEGETATION MOISTURE 
-MAN-MADE STRUCTURES 
-WATERSHED 
-WATER BUDGET 
-SEA ICE 

TASK 2; measurement techniques evaluation 

-TRUCK-BASED SENSORS 
-SCATTEROMETERS 
-POLARIZATION 
-SENSOR SPECIFICATIONS 

TASK 5: program review 


FY1 

FY2 

FY3 

FYA 

FY5 





















] 






' 



a 
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TABLE 17. PROGRAM EVALUATION RESOURCE REQUIREMENTS (FY81 DOLLARS - 

KS) 




m 

Pf? 

FY3 

FY4 

FY5 

TOTAL 

TASK 1: MODEL EVALUATION 







-SOIL MOISTURE 

20 

50 

30 



80 

-SNOWPACK 



30 

30 


60 

-SURFACE ROUGHNESS 



20 

20 


40 

-VEGETATION MOISTURE 




40 

40 

80 

-MAN-MADE STRUCTURES 




30 


30 

-WATERSHED 



25 

25 


50 

-WATER BUDGET 




35 

35 

70 

-SEA ICE 



30 

30 


60 

TASK 2: MEASUREMENT TECHNIQUES EVALUATION 







-TRUCK-BASED SENSORS 

40 

40 

40 



120 

-SCATTEROMETERS 


50 

40 

30 


120 

-POLARIZATION 



20 

20 


40 

-SENSOR SPECIFICATIONS 




50 

50 

100 

TASK 3: PROGRAM REVIEW 

50 

50 

50 

50 

50 

250 

TOTALS 

no 

170 

285 

360 

175 

1200 


mentation plan. 

This Program Pi on focuses on severcl key issues: 

1. Active microwave remote sensing appears to have 
significant potential for improving the capability to syste- 
matically monitor earth resources. 

2. Present research results are inadequate to satisfac- 
torily demonstrate the measurement capabilities of active 
microwave sensors for applications of primary interest. 

3. A coordinated octive microwave remote sensing 
research program is required to acquire sufficient under- 
standing of this technique to assess its role in future earth 
observations missions. 


4. Present data acquisition and data processing facilities 
are inadequate to support a viable active microwave remote 
sensing research program. 

5. First priority must be given to acquiring data acquisi- 
tion and data processing facilities capable of providing 
reliable octive microwave sensor measurements. 

6. The discipline-specific research tasks must be phased 
to optimize the limited sensor support systems, resources, 
and experienced personnel available. 


♦ * * 
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PREFACE 

The ERSAR (Earth Resources Synthetic Aperture Radar) Applications Group Workshop held in Houston, Texas, 
November 7-9, 1979 was the first of a series of working sessions to develop an active microwave applications program plan. 
The program plan will aid NASA in establishing the value of active microwave sensor data in specific earth resources 
applications. The results of the ERSAR Applications Group Workshop will be used by the ERSAR Program Definition Group 
during their workshop January 23-25, 1980 in Pasadena, California. The product of these two workshops will form the basis far 
the program planning document. 

This report presents the results of the Applications Group Workshop deliberations. The findings represent the 
judgment of 50 recognized experts in remote sensing applications. The working group was composed of four panels: Geology; 
Agriculture; Land Cover; and Water, Ice, and Snow. Each panel identified significant explications of remotely sensed data ond 
showed how active microwave sensor measurements could contribute needed information. 

The ERSAR Committee was formed to define the role of octive microwave sensors in future earth resources 
programs. The committee is composed of a Steering Committee ond various Working Groups. The ten-member Steering 
Committee includes representatives from NASA Headquarters, Johnson Space Center, Jet Propulsion Laboratory, and the 
Working Group Chairmen. The Working Groups ore composed of recognized experts in the several topic areas of concern, i.e., 
the Applications Working Group and the Program Definition Working Group include users, researchers, and system specialists 
knowledgeable in remote sensing data applications and/or active microwave data acquisition and analysis techniques. S.l. 
Rosool, NASA Headquarters, is General Chairman of the ERSAR Committee; John E. Estes is General Co-Chairman. Anthony 
Lewis is Chairman of the Applications Working Group. Keith Carver is Chairman of the Proyam Definition Working Group. 
M. Jay Homage, Johnson Space Center, is ERSAR Committee Coordinator responsible for conducting the working session with 
support from the University of Missouri-Columbia. 

The ERSAR Committee, sponsored by the Johnson Space Center, continues a series of related activities initiated by 
JSC in 1974. These included the Active Microwave Workshop (1974), Active Microwave Study Group (1975), Active Microwave 
Users Workshop (1976), Microwave Remote Sensing Symposium/Workshop (1977), and the Shuttle Active Microwave Facility 
Review (1978). 
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LIST OF ACRONYMS AND ABBREVIATIONS 

ERSAR 

. 

Earth Resources Synthetic Aperture Radar 

NASA 

- 

National Aeronatulcs and Space Administration 

K *Band 
a 

- 

F requency band designation for 26.5 GHz to 
40 GHz 

X-Band 

- 

Frequency band designation for 8 GHz to 
12.4 GHz 

L-Band 

- 

F requency band designation for 1 GHz to 
2 GHz 

C-Band 

- 

Frequency bond designation for 4 GHz to 
8 GHz 

SAR 

- 

Synthetic Aperture Radar 

CM 

- 

Centimeter 

HH 

- 

Horizontal Tronsmlt-Horizonfal Receive 

VV 

- 

Vertical Transmit-Horizontal Receive 

USDA 

- 

United States Department of Agriculture 

USDI 

- 

United States Department of Interior 

IR 

- 

Infrared 

FAO 

- 

Food and Agriculture Organization 

uses 

- 

United States Geological Survey 

TM 

- 

Thematic Mopper 

MSS 

- 

Multispectral Scanner 

LAI 

- 

Leaf Area Index 

GH z 

- 

10^ Hertz 

JSC 

- 

Johnson Space Center 

MRS 

- 

Multispectral Resources Sampler 

SIR 

- 

Spaceborne Imaging Radar 

USFS 

- 

United States Forest Service 

SCS 

- 

Soil Conservation Service 

GEOS 

- 

Geostationary Earth Orbiting 
Satellite 

DOE 

- 

Department of Energy 

DOI 

- 

Department of Interior 

NOAA 

- 

National Oceanic and Atmospheric Administration 

WMO 

- 

World Meteorological Organization 

co 2 

- 

Corbon Dioxide 

°o 

- 

Rodar Scattering Coefficient 

M 

- 

Meters 

RPA 

* 

Resources Planning Act 

X 


Wovelength 
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ERSAR COMMITTEE 

The ERSAR (Earth Resources Synthetic Aperture Radar) 
Committee is a long-term activity initiated by NASA to 
guide the development of the applications which can benefit 
from octive microwave sensor measurements. The overall 
objective is to establish the validity of octive microwave 
sensor data for accomplishing eerth resources applications 
when used independently or in conjunction with other types 
of data. The immediate objective is to develop and 
implement a detailed program plan to guide the research end 
development efforts in this field. 

The ERSAR Committee consists of a Steering Commit- 
tee and various working groups. The first phase of the 
Committee's effort involves two working groups: Applica- 

tions and Program Definition. The ERSAR Committee 
st-ucture is shown in Figure I. The Applications Working 
Group participants are shown in Table I. 

The Applications Group Workshop will be followed by o 
Program Definition Group Workshop in Pasadena, California, 
January 23-25, 1980. 


WORKSHOP OBJECTIVES 

This workshop addressed two basic questions: (I) What 
significant earth resources applications can be better ad- 
dressed if octive microwave sensor data were available to 
supplement existing or proposed data sources, and (2) Why or 
in what way do active microwave sensor data provide the 
desired additional information? 

Specifically, the Applications Group Workshop undertook 
four tasks: (I) Identify high priority user data/information 
needs which can potentially be met by remotely sensed data; 
(2) Specify user needs that potentially could only or best be 
met with octive microwave data, and those needs that could 
best be met in combination with other types of data; (3) 
Document the state of current understanding as to the 
information (type, accuracy, etc.) that con be extracted 
from active microwave remote sensing data; and (4) Identify 
significant gaps that should be filled by a well-developed, 
coordinated research program. 

The Workshop was structured to provide the participants 
with a summary of applications of remotely sensed data end 
recent developments in active microwave remote sensing. 
Each panel expanded on this to perform the assigned tasks. 
An agendo for the Applications Group Workshop is appended 
to this report. 


SUMMARY 

The initial objective of the ERSAR Applications Work- 
shop was to identify those applications of remotely sensed 
data that could be i>etter addressed by adding octive 
microwave data to the existing or anticipated data sources. 
This was accomplished by identifying the proven capabilities 
of imaging rodor sensors and comparing them to the 
information needs in each of four discipline areas: geology; 
agriculture, land cover; and water, ice, and snow. 

In the course of these analyses, it become clear that the 
potential of octive microwave sensors as illustrated by 
theoretical or empirical evidence was attractive in several 
application areas. However, the severe lock of quantitative 
research background with active microwave sensors leaves 
many gaps in the understanding of the full capability of this 
sensing approach. The Working Group identified some of the 
foremost research results needed to resolve key questions 
about the ultimate utility oi octive microwave sensors. 

The apparent capabilities of active microwave sensors of 
primary interest in the applications considered are: 

1. imaginq in near all-weather, day and night conditions; 

2. sensitivity to vegetation ond soil moisture conditions; 


3. sensitivity to vegetation canopy/timber variety and 
structure; 

4. controllable illumination direction; 

5. spectral Information complementary and/or supple- 
mentary to Landsat data; 

6. high resolution Imaging ind e pe nd ent of distance to 
scene; 

7. enhancement of man-made structures; 

8. format compatible with Landsat data; and 

9. unique data source for select applications, e.g., 
floating ice, soil moisture, snow water equivalent, tropical 
forest resources. 

Among these, the capability of greatest interest, accor- 
ding to this Working Group, is that of high resolution 
imaging through clouds. The Group stressed that a capabil- 
ity to supplement Landsat data in cloud-covered regions 
would fill a major information need. Timeliness of data 
acquisition is considered a key to improving the effective- 
ness of remotely sensed data for several applications 
involving dynamic phenomena, e.g., vegetation development, 
soil moisture, floating ice movement, snow melt, disasters. 

The ability of active microwave sensors to acquire 
information through clouds is inherent; however, adequate 
evidence is lacking as to the value of such information to 
those applications in need of cloud-free data. Experiments 
have shown radar to be sensitive to vegetation moisture and 
structure. This suggests that crop type and growth stage 
can be identified, but this capability is yet to be fully 
substantiated. Experiments have shown that radar is very 
sensitive to soil moisture content in the top 5-15 cm of soil, 
but the data ore too limited at present to define an 
operational approach to synoptic monitoring. Experiments 
have shown that radar is sensitive to the water equivalent in 
snow, but the data base is inadequate to establish the 
ultimate ability of this potentially important characteristic. 

In general, the quantitative understanding of the infor- 
mation content in active microwave sensor data is lacking. 
This is especially evident when attempting to justify specific 
operating wavelengths, polarizations, and incident angles. 
The fact is that very little research in this topic area has 
been sponsored during the last decade. 

In contrast to this situation, the use of radar imoge data 
in qualitative analyses, particularly for geologic applica- 
tions, is well developed. The mineral and petroleum 
industries and several foreign governments have invested 
substantial -urns of money to acquire and analyze airborne 
radar image data. The value of such information has been 
demonstrated repeatedly in economically significant explo- 
ration and resources survey activities. 

The high quality mapping capability of imoging radar 
sensors has been employed enough to give confidence in this 
approach, and to lend encouragement to those exploring the 
land cover applications area, for example. However, the 
added value of radar imoge data to existing or anticipated 
visible/infrared data to meet the information needs in load 
cover analyses is yet to be adequately determined. The 
recently demonstrated capability of merging radar and 
Landsat data both pictorialiy and in automatic classification 
schemes is promising as a means to satisfy several land 
cover and other applications information needs. This, too, is 
yet to be examined in sufficient detail to clearly demon- 
strate the potential information gain, although the prelimi- 
nary work on vegetation identification using combined 
radar/Landsat data sets is very encouraging. 

The Working Group identified several specific research 
needs based on their analysis of the present state of 
knowledge and the information needs in each of several 
relevant applications. Of particular significance among 
these are: 

Geology 

I. Establish the dependence of radar backseat ter on 
surface roughness and dielectric properties of natural bare 
and vegetated terrains with special emphasis on optimum 
wavelength, polarizations, and incidenl angle for effective 
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measurements. 

2. Establish the utility of stereoscopic rodor images as 
aids to geologic interpretation end measurement of vertical 
relief. 

3. Determine the value of repetitive (seasonal) synoptic 
rover oge for geologic applications. 

4. Document the potential of orbital image data for 
environmental monitoring, e.g., oil seeps and spills. 

Agriculture 

1. Establish the sensitivity of radar backscatter to 

complex vegetation canopies with special attention to the 
following crops: corn, sorghum, soybeans, wheat, cotton, 

sunflowers, and rice; and the following radar parameters: 
wavelength, polarization, resolution, and incident angle. 

2. Establish the value of rodar image data as an 
odditiono spectral chonnel to Landsat for improved crop 
discrimination in a variety of environments. 

3. Establish the effect on radar bockscotter of soil 
moisture variations in a variety of environments. 

k. Define the required radar image characteristics for 
effective vegetation-related measurements, with special 
attention to resolution, calibration occuracy, registration, 
speckle effects, and dynamic range. 


5. Document the potential of io»tor wi-- measure- 
ments of timber species, timber volume, srd iree vigor as 
affected by diseose and insect infesiohno. 

6. Determine the capability of rodar **ns\n‘ as an aid to 
determining rangeland productivity and trends. 

Land Cover 

1. Document the potential of radar imoqe data used 
independently and/or in conjunction with visibln/infrared 
image data for improving urban area bwjndury delineation 
and urban landcover classification accurccy in both manucl 
and outomotic mapping avj thematic classification. Include 
on analysis of radar parameters such as resolution, azi- 
muthal took direction, wavelength, polarization, and incident 
angle. 

2. Establish the value of rodar/Lundsat composite data 
for improved land eover/land resources mapping with em- 
phasis on multi frequency, multipolar: zuf Ion rodar data. 

Water, Ice, ond Snow 

I. Document the capabilities ot rudor sensors to accu- 
rately measure the types, velocities, strains, end strain rates 
of floating ice, with special emphasis on the marginal ice 
zone of the Arctic ice poc 1 :. 
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2. Establish the sensitivity of radar backscatter to 
snowpock characteristics, especially wetness, arid to under* 
lying surface conditions. Include analyses of the effect of 
wovelengths , polarization, and incident angle. 

3. Determine the capability of radar sensor data to 
assist in the development of hydrologic models at varying 
levels of spatial resolution with special emphasis an the 
measurement of soil we ness. 

PANEL REPORTS 

The reports of the four panels presented in this section 
are essentially reformatted versions of the original material 
prepared during the three-day workshop. A copy of the final 
draft was distributed to all panel chairmen for approval 
prior to release of this document. 

The panel reports are organized to first provide an 
overview of the present state of knowledge in active 
microwave data utilization and/or interpretation. This is 
followed by a section identifying those applications which 
can benefit from active microwave and other sensor 


measurements. The potential of these data to serve the 
information needs of the applications Is then discussed. This 
is followed by a summary of the re sear c h ne e ded to validate 
the indicated potential. Finally, the r eco m mendations of 
the panel are listed. 

GEOLOGY 

STATE OF KNOWLEDGE 

There are two types of information in a radar image. 
There are spatial, qualitative relationships between features 
in a scene that can be interpreted in terms of geologic 
structures or of I and for ms, and there is quantitative 
backscatter information that characterizes the scattering 
elements in eoch resolution cell. 

The state of knowledge In the qualitative use of radar 
imagery for the specific application areas is well developed. 
This is evidenced by over 10 years of operational perfor- 
mance by commercial contractors for numerous projects 
utilizing the higher frequency systems (Ka & X-b and). With 
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this history, the geologist is elreody well prepared to extract 
geologic information from the spatial relationships in a 
radar imoge. Enough is known about these relationships to 
justify the acquisition of high quality radar data for large 
portions of the earth's land surface. The existing user 
communities would benefit greatly from the availability of 
such a uniform dato set, and through their use of the data, a 
clearer perception of the desirable characteristics of the 
next generation of radar systems will emerge. That is, 
enough is now known to justify and fully utilize good quality 
rod ar imagery of large regions of the earth, and perhaps the 
best way to further radar remote sensing in geology is to 
provide these large data bases to the user community. 

However, the level of understanding of the quantitative 
information in active microwave sensor data is presently 
inadequate. There is, without doubl, much more information 
in radar backscatter data than is presently understood or 
even anticipated. 

The sub-resolution cell information of surface roughness 
supplies the amplitude information which is absolutely 
necessary in order to quantify the desired results. This step 
advances the geologist from the structure analysis and 
landform recognition phase to an understanding ui the 
surface materials. The surface materials ere a major part 
of geologic mapping, regardless of .'he application, e.g., 
exploration, environmental hazards mopping, or engineering 
assessment. 

To achieve this mapping capability will require the use of 
spaceborne sensors which, like the Seasat SAR, provide 
radar sensor data over a relatively wide swath with a 
relatively small range of depression angles across the swath. 
In this quantitative effort, it is vitally important to hold the 
depression angle nearly constont over the region of interest. 

Because of the complex nature of radar measurements, it 
is not enough to took for empirical correlations between 
radar data and the desired informotion. There ore simply 
too many variables to attempt to determine the correlation 
through empirical comparison. Research that resolves the 
issue will comprise theory, laboratory modeling, and field 
testing. 

Structural Feature Analysis - The capability of radar for 
imaging subtle structural features-- faults, joints, shear 
zones, ond related structures that appear as lineaments in 
the images— is routinely being exploited in those areas for 
which radar imogery is available for numerous applications 
under the general categories of natural resources and hazard 
assessment. 

Rodar images have contributed directly to finding ground 
water in granitic terrains, e.g., in Nigeria, by allowing 
accurate mapping of intersecting fractures which provide 
the necessary fracture porosity to serve as reservoirs. 
Hydrocarbon recovery has been assisted by radar imoge 
analyses of structural features which provide an indication 
of local fracture porosity which correlate with either the 
migration and loss of hydrocarbons or productive reservoirs. 
Structural end fracture cnalyses also reveal the location of 
subsurface stratigraphic features. 

Similarly, geothermal applications generally involve i- 
dentif ication of intersecting froctures which provide path- 
ways for hot water and steam. Rodar images have been 
successfully used for this purpose. 

In seismically active areas such as California and the 
Phillipine Islands, radar imagery has been used to assess 
seismic risk at sites of planned and existing structures, 
notobly dams and nuclear power plants. 

Rock Type Discrimination - Through the use of radar 
imagery, the geologist may identify and map general 
lithologic categories, e.g., sedimentary, metamorphic, ex- 
trusive and intrusive bodies ond various alluvial and oeolian 
deposits. This has been repeatedly demonstrated. However, 
the identif ication and classification of specific rock types, 
for example, sandstone versus shale, from radar imogery is 
rarely possible without supporting geologic data. This 


aspect of rock type discrimination from rodar imogery need s 
additional study. 

Droinoqe Pattern Analysis - The pattern produced by stream 
com see ore especially well displayed in radar Images. 
Analysis of drainage patterns is a very good indicator of 
lithology and subtle surface morphology or structure. 
Drainoge density can be a measure of rock perm ea bility, 
while pattern indicates surface form <nd structure. 

Surface Roughne ss - Surface roughness has a marked effect 
on the radar reflectivity. This effect has been successfully 
used to discriminate fine and coarse-grained soils, lava flaw, 
e vapor it es and anomalous lithologies on opposite sides of 
faults. However, specific identification and classification of 
material types is rarely possible with the current measure- 
ments and interpretation capability. 

APPLICATIONS 

Geologists study aspects of the earth for a variety of 
reasons. The exploration geologist is interested in locating 
previously mknown occurrences of hydrocarbon or mineral 
commodities which con be extracted economically. A 
geologist working on o civil works project may want to 
ascertain that o dom or raad being constructed is being built 
in the best possible location from a safety and stGbilitv point 
ot view. An environmental geologist may be interested in 
determining the earthquake hazard M at urban area or in 
determining the waste disposol parameters associated with 
the construction of a nuclear power plant. A ground water 
geologist may be interested in developing o new water 
supply for a rapidly growing community. Yet, all these 
geologists hove common data requirements which con be 
grouped into a few generalized informational needs. This is 
particularly true when considering these needs in view of 
which data and informotion can realistically be obtained by 
remote sensing techniques. 

These application needs include: 

1. An ability to define, as accurately and in as much 
detail as possible, the structural geology (fold, faults, 
froctures, etc.) of the area being studied. 

2. An ability to discriminate and identify lithologic 
(rock type) variations; ond 

3. An ability to discriminate and identify specific 
landforms (because of their significance in structural and 
lithologic interpretations and because of the specific indi- 
vidual importance). 

POTENTIAL 

Active microwave sensor data are not expected to he 
capable ot providing oil of the information needed in tlie 
applications noted. These data will likely always he used in 
conjunction with other remotely sensed ond ancillary data. 
However, there are unique informational characteristics 
provided by rodar sensor uata which should significantly 
improve the ability to define several criticol application 
parameters. These include: 

1. Unique identification of important but obscure 
structural features. 

2. improved landform identification. 

3. Improved rock type discrimination (textural) proper- 
ties. 

The characteristics of radar imagery which provide the 
unique ond complementary characteristics we: 

1. All weetber capability. 

2. All latitude capability. 

3. Selectable angle of incidence and look direction. 

U. Multifrequency capability. 

5. Multiple polarization capability, 

Rodar imogery provides excellent information related to 
geologic structure. The potential exists, end has been 
repeatedly demon jtroted, for identification of subtle struc- 
tural features cm radar imogery. In a study in Wyoming, 
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several short, mapped linear segments were connected based 
an information obtained from a rodar image, even though 
there was no topographic expression of the fault surface. 
The texture change across the fault, as mapped from the 
radar Image, displayed the offset. Information obtained in 
the visible and near-infrared regions can strongly supple- 
ment most structural interpretations. 

The improved landform identification provided by radar 
imagery is due to the topographic enhancement arising from 
the cfcility to select look direction and angle of incidence. 
Landforms generally can be identified on rador imagery 
faster and with greater occurocy than on any other single 
remote sensing source. However, visible and near-infrared 
data can provide a targe amount of landform related 
information. In combination, radar imagery and the visible 
and near-infrared data provide for extremely accurate 
identification of landforms. 

Visible and infrared sensor data provide spectral infor- 
mation that is very useful for discriminating rock types and 
identifying certain types of hydrothermal alteration, but 
they provide little information about the physical properties 
of various rock types or weathering surfaces. Surface 
roughness is an additional important characteristic which 
can also be used to discriminate lithologic units. It has been 
demonstrated in several studies that the information on 
surfoce roughness supplied by o radar sensor adds to the 
discriminability of sedimentary rock units. 

RESEARCH NEEDS 

Major uncertainties exist concerning the optimization of 
instrument parameters for spoceborne radar imaging sys- 
tems. For geologic applications, many of the variable 
parameters are scene dependent. 

Two approoche* to the problem should be taken, depen- 
ding on the parameters to be considered? (I) existing 
spocecroft and airborne radar systems should be carefully 
evaluated and more experiments should be planned and 
flown; and (2) computer simulations using digitally processed 
images and digital topographic data hoses should .V used for 
o yariety of terruin types cs o cost-effective means of 
examining many individual variables and for studying the 
optimum geometry for rudar stereo. Thu computer simula- 
tions can provide insight irfo problems or advantages 
inherent in the use of radar at orbital attitude*. 

Following is a brief summary of of :iw param-ders 
that need to be studied. 

Lo ok direction - The detectability of s*ruciu;oi feature* 
depends on then orientation rei-.t • tc the f !iflM poth. 
Studies performed to dale uni.-, ate ?5 m» at I to*! two look 
directions, preferably «*hoqunol. r a>. needed lor maximum 
data extraction. 

Depr ession ^xtyie - Previous uj; borne expediences huvw 
usu»'!y'r*en «t low repression angle* (Hr 40 ?. 'hi* w ' 
r.rcA bici, the basis tur enhancing subJle topograph c t . a! rres 
* tigh depression angles give reflectivity inforcolim, ihor 
prr.yrv) useful in analysis of f let -tying coastal re.sii • . 
•Sens-ji 5AR images are difficult to impossible to in,. ' ,-*el in 
mountainous regions. 

Te-r qjn voriotions in topoy u u h _r.' : i j : nss s ection - Tie 
Inherent variotio s in the rcr.m n aeie 1 ir.Tnc fV.- system 
dynamic range and grey I eve J.»c.'<minot; sn ; quiremer.ts. 
’lie limits of bcckscoitering v i an tu. m u ral te tains 
ne-as tc be understood. This car 1 , be si mol o ted for the 
spoceborne case by api'i/.'n vuriuu* backseat ior model*. 

Po lori.’otlon - The utility of multiple polarization radar 
Images for geology app! ■rations needs to he studied further. 
Differences in the \‘k( and cross-pUori/ed images are 
observed, but systematic analysis of the cause of thesa 
variations has not been nerformed. Techniques might also 
be developed to separate effects of slope and surface 


roughness using two dlfforsnt polarizations. 

Resolution - it will be necessary to examine the r es olut ion 
rrji.TTensnts for identification of various geologic targets 
i p rids tits rationale far a particular system resolution. 
.vi„y neologic features are areally extended targets omen- 
ooie to detection by moderate resolution systems. H ow e v er, 
resolution requirements far cartographic purposes need te be 
defined. 

Frequency • More work must be done to determine w hethe r 
a particular single f re q u ency is best far geologic analysis, 
and whether a multispectral rodar is beneficial In a way 
analogous to the way in which muitispectrol imaging in the 
visible and infrared regions has aided remote sensing studies. 

Stereo - Studies must be performed aver a variety of targets 
and a range of incident ongles for bath same and opposite- 
side stereo. Most sources report that for conventional 
stereo viewing, same-side stereo is best in averoge terrain. 
This can be studied by aircraft and by computer simulations. 
Quantitative recovery of t o pog ra phic data should be studied. 

RECOMMENDATIONS 

1. An imaging radar system operating at X-band (3 an 
wavelength) with a 45° depression angle in a Landrat-type 
orbit should be flown as soon as possible to acquire data of 
proven value for mineral and energy exploration. 

2. On-going, coordinated research should be conducted 
by geologists an the following topics? 

a. Surfoce roughness end reflective properties as 
guides to composition and distribution of geologic units. 

b. Polarisation, frequency, and depression angle de- 
pendency of response from geologic indicators. 

c. Stereoscopic radar imoges as aids to geologic 
interpretation and measurement of vertical relief. 

d. Radar backseat ter from vegetation or indicators 
useful to geology and engineering applications. 

e. Requirements for seasonal, synoptic cover oge 
from free flying satellites. 

f. Capability of orbital imoging rodar sensor data for 
environmental monitoring, e.g., oil seeps atd spills. 

3. Research should be conducted by system specialists 
on the following topics? 

a. Optimization of radar sensors for geologic appli- 
cations with emphasis on dynamic range, resolution, stereo 
imaging, wavelengths, polarizations (including cross-polari- 
zation), and depression angle. 

b. Applications of automated asolysis techniques, 
including pattern recognition, texture analysis, and shape 
lecognition. 

4. Existing rodar doto should be made available in 
standardized format to the user community. 

5. Current NASA rodar systems should be available to 
■sefs and commercial data acquisition and analysis systems 
should be utilized as appropriate to support experimentation. 

F. Training in radar data analysis and interpretation, 
together with evaluative and interpretive experiments, 
,i>iould be funded to maximize use of rodar data by 
practicing geologists. 

7. The design of future radar systems for geology 
applications should involve close communication between 
the user community and the svstem engineers. 

AGRICULTURE 

In February, 1978 the Secretary of Agriculture issued a 
statement entitled "A Joint Program of Research and 
Development of Uses of Aerospoce Technology for Agricult- 
ural Programs." This statement, generally referred to as the 
Secretary's Initiative, identified several important USDA 
information requirements that oerospoce remote sensing 
data would fulfill to some degree. 
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In response to these stated requirements, a six-year 
program of research, development, evaluation and applica- 
tion of aerospace remote sensing began in October, 1979. 
This joint effort of USDA, NASA, USDC, USDI, and AID is 
entitled Agriculture and Resources Inventory Surveys 
Through Aerospace Remote Sensing and is known by the 
acronym AgRISTARS. 

There is a hiqh degree of interrelationship between the 
applications identified in this section and the focus of the 
AgRISTARS effort. The candidate applications of SAR 
technology presented here have been grouped into three 
broad categories which include mapping and monitoring oft 

1. Crop Land* 

2. Forest Lands 

3. Rangelands 

Each of these categories and their attendant applications 
can be correlated to specific elements in the AgRISTARS 
program. 


STATE OF KNOWLEDGE 

Crop Lands 

Knowledge of the spatial and temporal distribution of 
soil water is of economic and scientific significance to 
several agricultural, hydrological and meteorological appli- 
cations. The combination of radar's weather-independence 
and high resolution capability, together with the strong 
dependence of the microwave dielectric constant of soil on 
its water content, makes the radar sensor a prime candidate 
for mapping soil moisture from aircroft and satellite 
platforms. 

Present evidence shows conclusively that radar data are 
responsive to soil moisture variations. The bulk of the 
evidence has been accumulated in the last five years from 
calibrated truck-mounted radar sensors. These were used to 
measure the dependence of the scattering coefficient on soil 
moisture content and on surface roughness and vegetation 
cover so that the latter dependence con be minimized by 
properly choosing the sensor parameters (microwave fre- 
quency, angle of incidence, and polarization configuration). 
The results indicate that by operating at a frequerjcy in thj 
4-5 GHz region over an angular range between r and 1 7° 
from nadir, the rodar scattering coefficient is strongly 
correlated with soil moisture content, and clmost indepen- 
dent of surface roughness and vegetation cover of agricul- 
tural crops. Because of the dependence of the dielectric 
constant of soil on soil texture (type), it was found necessary 
to express moisture content in terms of a texture-indepen- 
dent parameter. The parameter currently used is percent of 
field capacity, where field capacity is defined as the 
moisture at 1/3 bar tension. 

A brief summary of the capability of radar os a soil 
moisture sensor is presented in Figures 2-4. Figure 2 shows 
the relative independence of the radar bockscattering 
coefficient of surfoce roughness of bare soil. Figure 3 shows 
the response to soil moisture of vegetation-covered soil. 
Figure 4 shows the variation for both bare ond vegetated 
fields. Results obtoined to date indicate that the effective 
depth influencing the rodor backscatter varies between the 
top 5 and I 5 cm of the soil. 

Rodor backscatter measurements of crops by University 
of Kansas investigators have shown that: 

1. Multi-temporal observations of corn, t^herrt, milo, and 
soybeons at 10-day intervals, in the 40 -60 angle of 
incidence ronge, at trequencies above 8 GHz, can provide 
c (ossification accuracies higher than 90% after 3 or 4 
passes. This performance is repeatable from one year to the 
next (F igure 5). 

2. Using a minimum combined configuration of two 
Landsof MSS bands (5 and 7) ond one rodor frequency (two 
polarizations), crop classifications exceeding 95% accuracy 
were attainable for data obtained of two dotes in time 
segment I (prior to wheat harvest) as shown in Table ?. The 
some sensor combination produced classifications close to 
90% accuracy for the second time segment (offer wheat 
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SOIL MOISTURE, M, (f/CTi ) 

Figure 2. Relative Independence of the Rodar 

Bockscattering Coefficient of Surfoce 
Roughness of Bare Soil 
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Figure 4. Variation for Doth Bare and Vegetated Fields 


harvest), as shown in Toble 3. The classification statistics 
clearly showed that the dota from eoch sensing system were 
complementary, which resulted in mutual reinforcement and 
an increase in discriminating occur ocv between crops. 

3. The effects of cloud cover were evaluated by 

comparing crop classification accuracy obtained with Bands 
5 and 7 of Landsat with one date missing due to cloud cover, 
with the occur ocy obtained using radar data to replace the 
missing Landsat cover oge. The availability of rodor to 

reploce missing Landsat data results in substantia! improve- 
ment in classification 1 urocy. 

4. Observations of ti>e temporal variation of the radar 
backscattering coefficient of agricultural crops over their 
grooving cycles indicate a potential for estimating yield 
related parameters such as leaf area index and canopy water 
content. 

At the present time, there ore no ongoing or planned 
research programs to continue the work conducted on 
combined Landsat-rodor crop classification. Previous work 
was conducted using radar data acquired from a truck 
platform. 

Forest Lands 

Existing evidence from ground based field experiments 
and interpretation of aircraft SAR data indicates the 
following capabilities of single frequency SAR dato for 
forest resources assessment: 

1. The areal extent of forested londs can be defined. 

2. Clear cutting areas are obvious on SAR data and 
undoubtedly can be defined within <r»twn forested areas. 

3. Differences in heights (due either to grewth stoges or 
to tree type) con be qualitatively indicated in low density 
stands or along stand boundaries. 

4. Canopy density con be indicated qualitatively. 
Multifrequency SAR data appear to be capable of the 
following: 


1. Deciduous free* con be discriminated from conifers in 
both winter and summer. 

2. Long needle conifer species can be discriminated 
from some short needle species. 

APPLICATIONS 

The key applications within the general discipline of 
agriculture to which aerospoce remote serving technology 
can be applied ore shown in Table 4. The Importance of 
eoch and the rationale for their selection are described In 
this section. 

Crop Londs Information Needs 

Accurate ond timely commodity production information 
Is essential to the development and maintenance of an 
adequate world food supply and to help ensure that the U.S. 
producer receives a fair market price ond that the U.S. 
benefits from a more favorable balance of trade resulting 
from agricultural exports. 

In the past two decodes, a variety of remote sensing 
experiments hove demonstrated that visible and infrared 
data end associated dota n> o lyses techniques are capable of 
providing significantly improved com modity production in- 
formation. Without remote sensing techniques, conventional 
survey approaches have not been able, in foreign countries. 
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to provide timely and accurate crop information. In many of 
these regions, foreign governments either do not collect or 
release objective crop data. Among the information needed 
for timely and accrete commodity production forecasts are 
the following. 

Acreage - The planting and harvesting of major crops occurs 
throughout the world on nearly a continual basis. Thus, crop 
monitoring calls for a nearly continuous activity. Early in 
the crop season for a region, the most important information 
to be obtained is the acreoge planted for all crops. Next, 
timely estimates of the emerged and standing acreage are 
crucial to assessing production potential. As the season 
progresses, monitoring of acreage losses or obandor.-“d 
acreage to weather events such as freeze damage or 
drought, or to agricultural practices such as grazing by 
cattle, is important. At season's end, the estimate of 
harvested acres provides the base by which to estimate total 
production, given estimates of the yield for harvested acres. 

While visible and infrared data from aircraft und space 
scanners provide such information with reasonable accu- 
racies, these data can be acquired only in daytime and under 
a limited range of atmospheric conditions. With microwave 
sensors, the capability to extend these observations to hazy 
and cloudy atmospheric conditions and to acquire data at 
night can provide more timely information at critical times 
in the season. In addition, the longer wavelength microwave 
radiation responds to the electrical volumetric and geome- 
tric properties of crops in a different woy than visible and 
infrared frequencies. This new information may improve the 
accuracy of crop type discrimination and, thus, improve the 
clear weather crop identification capability of visible/infra- 
red daro. 

Yield. Condition, and Crop Development Stage - The ability 
to assess the effect of past and current conditions on crop 
yield and to rcpidly reassess changes in the crop status is an 
important capability which can be provided by remote 
sensinq. In early season, available soil moisture and 
wintering condemns such as snow depth and frozen soil are 
important factors in determining future crop yield. As the 
crop progresses, soil moisture os well os canopy biomass, 
canopy water content, and canopy condition oie important 
factors in final yield. Finally, as the crop nears harvest, 
knowledge of the precise dates for key crop development 
stages such os heodinq or grain filling, are extremely 
important in assessing weather effects, such os high temper- 
atures, on crop yield. 

Some of these key yield related parameters may be 
uniquely provided by use of microwave sensors, particularly 
soil moisture. In most cases, use of microwave frequencies 
in combination with visible/inf rored data has potential for 
the assessment of crop condition and crop development 
stage; both vital inputs to yield prediction ond crop 
identification. 

in summary, the critical commodity production informa- 
tion components amenable to monitorinq by microwave 
sensors are crop extent and distribution, crop canopy 
density, biomass and canopy micro-environment, e.q., snow 
depth, soil temperature, soil moisture, the condition of the 
crop, crop development stage, and phenology information. 

While conventional and remote sensing systems exist that 
con collect such information, significant improvements are 
required in both the accuru the information and the 

timeliness with which it is unturned. Active microwave 
sensors have the potential of improving this information. 
The major attributes of active microwave image data for 
these purposes are cloud penetration and night capability, 
response to unique electrical ond geom, trie canopv proper- 
ties, and volumetric penetration capabilities. 

Soils information Needs 

Crop production putt- PiCil depends upon meteorological 
and soil conditions. Since man has some control over soil 


conditions, it is Important that th# soil resource be managed 
to provide favorable conditions for optimal crop production. 
Within the framework of a soli management scheme, it it 
necessary to know the static and the dynamic characteris- 
tics of the soil. 

The static characteristics ore the texture of the horizons 
of the soil profile. The dynamic characteristics are the 
saline status, erosion status, ond the soil moisture status of 
the soil. Remote sensing techniques have the potential for 
assessing the static characteristics of soils, and monitoring 
the dynamic characteristics of 5 nils. 

The Soil Conservation Set vice Is responsible for classify- 
ing soils of the United States. The present classification 
procedure requires a large commitment in both time ond 
manpower. Due to limited manpower resource, there Is a 
significant delay in the production of useful soils informa- 
tion for many regions of the Units J States. The develop- 
ment of o more rapid soil survey procedure •» desirable. The 
use of remote sensing techniques .nuld speed the present 
procedures. 

The reclamation of saline/soov oils requires that the 
magnitude and extent of the sollne/sodi : o edition first be 
determined. Individual landowners cor. perform this deter- 
mination on their own. However, notional policy assessment 
of the problem requires regional monitoring ond mapping. 
Remote sensing techniques we the most suitable for 
performing this task. 

Soil erosion has an impact on present water conservation 
ond upon future soil productivity potential. The Soil 
Conservation Service is responsible for overseeing the 
maintenance/imprcvement of the soil productivity in the 
United States. This federal agency is therefore interested in 
estimating soil losses from crop laid. A monitoring program 
would be useful in this area to assist in formulating these 
estimates, and in locating those areas where laid manage- 
ment has to be improved to reduce soil erosion potential. 
Remote sensing techniques are a required fool to provide 
this type of information. 

The whole problem with soil moisture monitoring deals 
with attempting to determine soil moisture levels over a 
large area when generally there are only point measure- 
ments availoble. The monitoring of soil moisture variations 
in both space ond time would be of value to the assessment 
of crop yield, as well as to the assessment of several 
hydrologic processes. Remote sensing techniques may be a 
valuable tool to extrapolate point measurements to areal 
variations. 

The soil and water conservation practices implemented 
under the direction of the Soil Conservation Service are 
important with regard to maintaining crop production 
potential. Some of these practices c.e contour terracing, 
lond leveling, land shaping, wind rowing, strip-cropping, ond 
stream stabilization. I, is difficult to assess the effective- 
ness of these improved practices from the ground, even on a 
case-by-case basis. Remote sensing techniques should be 
helpful in assessing the effectiveness of these practices 
when the techniques ore used to monitor temporal changes. 

T orest Lands Information Needs 

Determine extent ond condition of forest resources - The 
Resources Planning Act (RPA) of 1974 mandates the U.S. 
Forest Service to determine the extent and condition of the 
forest and rangeland resources of the U.S. every ten years. 
The I- orest Service is currently developing techniques to 
meet this requirement using satellite (Landsat), aircraft, and 
qround-based data. The approach will involve multi-stage 
sampling to provide tabular information on u county-by- 
county basis, hut will not require complete map information. 

Mop forest resources by cover type, and density and size 
closs - Different users have different information require- 
ments. Private industry, state Departments of Natural 
Resources, and National forest Service personnel, for 
example, require mops showing the physical location and 


volume of the forest resource. This type of inf or mot ion is 
usually obtained at present on o periodic basis with aerial 
photography. 

Monitor changes in the forest resource base - Urban expan- 
sion and cRanges in the demand for agriculture land cause 
continuous change in the areal extent of the forest resource 
base. Both local and national predictions of timber 
productivity require effective monitoring of changes in the 
resource base on a cycle that is more frequent than the IQ- 
18 year cycle currently achieved by the U.S. Forest Service. 
Private industry would like to be able to monitor chonges on 
an annual basis and within a defined annual planning cycle. 
In some states, clear-cutting of forest area must be 
monitored in a timely monrter (perhaps monthly), for tax 
assessment purposes. 

Monitor location and extent of forest stress conditions due 
to insects and diseases - The U.S. Forest Service and others 
need to determine the location and extent of dying and dead 
timber in order to salvage this otherwise wasted* timber, and 
also to remove a source of potential insect population 
growth. It has been stated that this information need "is 
currently the single most inportant data requirement for 
which data collection and sampling methods ore lacking." 
("Applications Review fiv a Spoce Program Imoging F.gdar," 
Geography Remote Sensing Unit Technical Report I, Univer- 
sity of California, Santa Barbara.) 

Monitor forest fuel condition - Forest fires destroy millions 
of dollors worth of resources every year. To aid in forest 
fire prevention efforts, the U.S. Forest Service maintains o 
fire danger rating system. The forest fuel condition, 
involving such parameters as the fuel amount and moisture 
condition, is o key element in providing data input to the 
fire danger rating system. 

Wetlands and wildlife habitat assessment - Wetlands map- 
ping of both coastal c : • j interior weTTanH areas is of critical 
importance in many aspects of land use planning and wildlife 
management. USGS is currently heavily involved in a major 
wetlands mapping program. 

Determine extent and condition of foreign forest resources - 
F.A.O. and other ogencies involved with evaluating ond 
monitoring natural resources on o worldwide basis need more 
reliable information of the forest resources. 

Monitor chonges in foreign resource bases - Due to the long 
temn growing cycle of the forest resource, the capability to 
monitor chonges is important to the country involved, 
planning groups in the U.5., as well as international 
ogencies. 

Mod areal extent ond major categories of tropical forests on 
a global basis - Mony of the developing countries of the world 
have relatively poor information concerning the nature and 
extent of their forest resource base. Because of the 
remoteness ond sire of the areas involved, it is difficult to 
obtain occurote, reliobie iniormation on these areas. The 
persistent cloud cover over many of these areas compounds 
tt.e problem. The unique capabilities of rodar indicate the 
potential of using this data source os a means of obtaining 
the needed information. 

Determine extent ond rote ot deforestation of tropical 
forest loads - In o number fropicol countries, de/oresto- 
tion is occurring at an increcsinqly rapid rate. Brazil, the 
Phillipines, Thailand, among others, have experienced severe 
decreases in the areol extent of forest within the post 10-15 
years. This problem is of major concern to the F.A.O. ond 
many other agencies from three aspects: (a) decreasing 

wood supplies; (b) possible correlation between the decreases 
in tropical forest lands ond the well -doc umen ted increasing 
levels of CO. in the atmosphere on a worldwide basis; (c) 
increasing desertification in some regions that is associated 


with the denudation of the forest resource for fire wood. 
Rgnaelonds Information Need i 

Rangelands consist of those terrestrial habitats that are 
not intensively cropped and that provide foroge Hr domestic 
livest o ck and wildlife. This includes some 40% of the land 
mass on a worldwide basis. It consists of grasslands, 
shrub lands, savannahs, desert scrub, tundra, some grazed 
wetlands and grazed forest areas. This diverse vegetation 
resource requires continued monitoring and m anage m ent in 
order to maintain and enhance productivity. 

Rangelands in t'te United States are managed by various 
entities, including the Bureau of Land M ana g e m ent (USDO, 
U.S. Forest Service (USD A), U.S. Fish and Wildlife Service 
(USDI), State Range land Agencies, private ranches, and 
corporate randies and landholders. 

The federal rangelands, particularly those managed by 
the Bureau of Land Management, are under a mandote to 
complete over the next 12 or 13 years, a series of site 
specific environmental impact reports. The data base upon 
which these environmental impact reports must rely are 
presently inadequate. Rapid, low cost procedures are 
required because of the large tow-productive areas that are 
involved. Following acceptance of these envi r onme n t a l 
reports, there will follow a period of intensive m anage m ent 
based on allotment management plans. It is important that 
these management programs be carefully monitored in order 
to evaluate their effectiveness. 

In addition, the recent Rangeland I m pr ov ement Act wilt 
soon provide money for considerable range improvement 
work on U.S. rangelands. These improvements must also be 
monitored and evaluated. 

Over much of the United States ond most of the 
rangelands of the rest of the work), there is a limited 
amount of area-ex tensive dota on range productivity ond 
trend. The ground methods are too costly to be used except 
for specific cases. Therefore, remote sensing moy offer the 
only feasible means of gathering such data over these 
rangelands. 

The information desired from remotely sensed dota 
includes: 

Vegetation mopping - Identify and measure the distribution 
of the various rangeland plant communities. This should be 
approached from a synecologicol viewpoint (community 
ecology) based on correlations with landform and soil 
classification units. Species identification is required. 

Productivity - Initially assess range vegetation productivity 
of the various range plant communities. This is reloted to 
livestock productivity. A knowledge of forage productivity 
is required to set carrying capacity. Some of the vegetation 
and site parameters that must be included are vegetation 
cover (foliar projection onto the ground), vegetation density 
(individuals/unit area), biomass (weight and/or volume/unit 
area), and bare ground and litter (important in shrub- 
dominated rangelands). These factors are all related to 
range condition and trend. All of the productivity para- 
meters must be determined by species or by group of species 
with similar characteristics. 

Monitor rory condition and range trend - The assessment of 
range trend is related to phenology which is regulated by soil 
moisture content, soil oir temperature, and day length. 
Phenology is closely related to range readiness on seasonal 
ranges. Range trend rrrritoring relates to perturbations on 
rangelands, e.g., vegetation chonges induced by fire, insect 
or pathogen damage; accelerated erosion; ond heavy over- 
qrazing. 

Monitoring of intensive grazing management systems - This 
involves a monitoring of produc'ivity, range condition, and 
range trend. Trend assessment is difficult to do with most 
remote sensing techniques because of the requirement for 
species identification. There is need to evaluate the success 
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or failure of range Improvement practices. 


Monitoring of changes in wildlife hobitot on ronoe lands -This 
is related to fluctuation in wildlife populations or the 
occurrence of perturbations that might destroy or reduce 
the value of these habitats. 

The dx>ve items are not presently satisfied with existing 
data sources. Ground techniques hove proven too costly 
over the extensive, relatively low value rangelands in the 
United States and abroad. 

POTENTIAL 

The major attributes of rctive microwave image data of 
particular value to agricultural applications are: 

1. Timeliness (weather independent system). 

2. Penetration capabilities. 

3. Response to electrical and geometric properties of 
the target. 

4. High resolution from space. 

5. Potential for higher data sampling frequency. 

Two fundamental attributes of radar provide advantages 
in sensing all renewable resource applications: (I) radar 

penetrates dcuds, and (2) radar (SAR) resolution is essen- 
tially independent of distance to the scene. 

The penetration of most cloud cover enables imoging at 
most times, in contrast to the cloud-restricted imoging of 
Landsat. In monitoring of growing vegetation, several 
temporal and spatial limitations are imposed by Landsat 
imagery. Clouds can often prevent sequential imaging of a 
specific area, and con also restrict the spatial extent 
displayed in Landsat imoging. These restrictions ore mostly 
eliminated with imaging radar. The continually changing 
conditions of all vegefation require timely observation in 
order to properly plan at both national and local levels. 
Severe economic consequences can occur because of improp- 
er planning based on incomplete data. 

In addition to cchievirtg timeliness of data gathering in 
moderately cloud-covered regions, the cloud-penetrating 
radar con be used to obtain imoges of regions which are 
perpetually cloud-covered, such as the Amazon basin. 

Because the resolution of synthetic aperture radar is 
essentially independent of distance to the scene, spatial 
precision can be achieved with satellite radar comparable 
with that of any future sensors of visible end near-infrared 
wavelengths. With fine resolution, small areas can be 
monitored and the occur ocy of boundaries and integrated 
areas can be improved. The evaluation of the distribution of 
vegetation types would be made more accurately. Examples 
are the improved evaluation of the total area of a crop, e.g., 
wheat over a region and, in forestry, on accurate compila- 
tion of clear cut oreas. 

The sensitivity of microwave energy to roughness and 
geometrical shape enables radar to sense structure. As the 
structure (including surface roughness) often identifies the 
material or vegetation, radar sensing can be used in a much 
different domain than that of Landsat. 

An example of sensing of structures is thot of long ond 
short needle conifers. Long needles produce a higher return 
on L-band than short needles, so the difference between X 
and L-band reflections indicates the type of conifer. 
Deciduous trees produce an extremely high return on L-band 
as compared to X-bond. 

Another effect which is pronounced in radar images is 
the difference in height of trees and shrubs. The imaging 
geometry of side-looking radar, coupled with the roughness 
sensitivity, enhances the measurement of changes in the 
height of vegetation concpies. Such height discrimination is 
seldom seen in Londsat dote. 

The potential of active microwave irnoge data for forest 
resource assessment is significant. SAR sensors have 
certain capabilities that offer unique advantages for forest- 
ry applications os compared to other data collection 
systems. These include: 

I. The ability of SAR data to provide differences in 


return that tee related to stand density and structure offers 
the potential to more effectively differentiate among 
various species and forest cover types than may be possible 
with MSS data, even from the Thematic Mapper (TM). The 
combination of SAR and TM data would appear to offer the 
greatest promise for mapping forest cover types and 
defining density ond size classes. 

2. The potential of SAR data to mop and monitor 
deforestation of tropicol forest lands is of particular 
importance from two standpoints: (a) SAR con obtain data 
in areas of persistent cloud cover, and (b) differences in 
stand structure such as a fairly recent deor-cut overgrown 
with brush and a full size jungle forest canopy, should be 
apparent of SAR, whereas such differences may not be 
particularly evident in the optical portion of the spectrum. 
Monitoring the extent and rate of deforestation of tropicol 
forests should be given high priority because of these unique 
capabilities of SAR sensors and the importance ond concern 
for this application. 

The rangeland parameters that should be investigated 
relative to their assessment by SAR sensors ore: 

1. Total canopy cover. 

2. Bare ground and soil moisture content. 

3. Moisture content of vegetation. 

4. Some pheno logical expressions os they relate to 
either plant moisture content or radar texture based on 
subtle changes in species or vegetation surface geometry. 

5. Vegetation structure or geometry, including height, 
to determine the potential of SAR to use changes in 
vegetation structure ond height within the stand to infer 
species composition, or at least the presence or absence of 
certain important species within the stand. In this way, it 
might be possible to obtain some information relative to 
species composition changes. 

6. Detailed landform depiction may lead to better 
evaluation of londf orm-soi l-vegetation correlations. 

Vegetation geometry ond height are foctors not easily 
inferred from Landsat MSS data. Stereo photography at 
relatively large scales (1:2,000 or better) is about the only 
means of evaluating species or stood geometry and relating 
the information to rangeland attributes, such as leaf area 
index, productivity and carrying capacity, species density, 
and species composition. 

Table 5 provides a generalized indication of the relative 
importance of optical and microwave sensor data; the 
approximate frequency of data collection needed in various 
application areas; the estimated level of research effort 
required to meet the various objectives; an evaluation of the 
probability of achieving a relatively high degree of success; 
ond the priority that should be assigned to the particular 
application. 

RESEARCH NEEDS 

Radar backscotter is a function of geometrical and 
electrical properties of vegetation ond the underlying soil. 
These interactions ore not well understood on o theoreticol 
or empirical basis. They involve volumetric scattering 
properties of the targets which are functions of frequency, 
incident angles, ond polarization of the radar signal. These 
relationships must be understood in order to extend test site 
data to broader regions. 

It is also essential to relote parameters measurable with 
radar to physiological parameters that are of interest to the 
user. For example, if radar backscotter information can be 
related to physiological parameters such os leaf oreo, 
density, vigor, height, water content, etc., models r< lating 
these parameters to yield must also be developed for crop 
prediction. 

Future research needed in the crop lands application area 
fall into two categories: 

1. Determination of radar response from complex vege- 
tation systems in »erms of the target geometry ond 
electrical parameters. Develop models to predict a series of 
ground-based, controlled experimental measurements. 

2. Define the experiments required to relate physiolog- 
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TABLE 5. ACTIVE MICROWAVE SENSOR 

POTENTIAL 

ANO GENERAL STATUS FOR AGRICULTURAL APPLICATIONS 



ROLE 

FREQUENCY 

RESEARCH 

SUCCESS 


APPLICATION TASK 

MSS 

SAN 

OF SAMPLE 

EFFORT REQUIRED 

POTENTIAL r " ,W,,TT | 

IMPROVED CROP PRODUCTION 
PREDICTION 







A. ACREAGE 

P 

C 

MONTHLY 

H 

H 

l 

B. VIELO INFORMATION 

P/C 

P/C 

Bl- MONTHLY 

VN 

M 

1 

C. CROP STORAGE 

P/C 

P/C 

Bl * MONTHLY 

H 

M/H 

i 

SO'L RESOURCE 







A. SOIL MAPS 

P 

c 

10 YEARS 

H 

H 

i 

B. CROP GROWTH 
POTENTIAL 







1. SALINITY 

c 

p 

ANNUAL 

H 

L/M 

3 

2. SOIL EROSION 

c 

p 

ANNUAL 

H 

L/M 

3 

3. SOIL MOISTURE 

c 

p 

3 DAYS 

H 

M 

1 

C. SOIL ANO WATER 

CONSERVATION 

PRACTICES 

P/C 

P/C 

ANNUAL 

M 

H 

3 

FOREST RESOURCE 

ASSESSMENT IN U. S. 







A« EXTENT ANO 
CONDITION 

P/C 

P/C 

6 YEARS 

M 

M 

1 

B. FOREST RESOURCE 
MAP 

P/C 

P/C 

S YEARS 

M 

H 

t 

C. CHANGES IN FOREST 
RESOURCE BASE 

P/C 

p/C 

ANNUAL 

M/H 

H 

1 

D. INSECTS AND 
DISEASE 

C 

p 

BI-WEEKLY 

H 

M 

t 

E. FUEL CONDITION 

C 

p 

3 DAYS 

H 

M 

2 

F. WETLANDS AND 
WILDLIFE 

C 

p 

BI-ANNUAL 

L 

H 

1 

FOREST RESOURCE 
ASSESSMENT IN 

OTHER temperature 
REGIONS OF WORLD 







A. EXTENT AND 
CONDITION 

P/C 

P/C 

B YEARS 

M 

H 

2 

B. Changes in 

FOREST BASE 

P/C 

P/C 

S YEARS 

M 

H 

2 

NOTE: H * HIGH 

M s MEDIUM 
L ■ LOW 



P * PRIMARY 
C ■COMPLEMENTARY 
I « HIGHEST PRIORITY 
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TAftLE 9. COMTINUCO 
APPLICATION TASK 

ROLE 
MSS SAR 

FREQUENCY 
OF SAMPLE 

RESEARCH 
EFFORT REQUREO 

SUCCESS 

POTENTIAL 

PRIORITY 

TROPICAL FOREST 

ASSESSMENT 

A. MAPPING OF AREAL 

C 

p 

• YEARS 

M 

M 

i 

EXTENT S MAJOR TYPE 
S. DEFORESTATION RATES 

C 

p 

t YEARS 

H 

M 

l 

RANOELANOS 

A. VEGETATION MAPPING 

P/C 

P/C 

10 YEARS 

H 

N 

t 

R. PRODUCTIVITY ASSESS • 
MENT 

P/C 

P/C 

•l- MONTHLY 

N 

M 

t 

C. CONDITION ft TRENDS 

p/e 

P/C 

ANNUALLY 

M 

M/H 

t 

0. MONITORING INTENSIVE 
GRAZING SYSTEMS 

p 

C 

ftl- MONTHLY 

H 

H 

t 

E. MONITORING CHANGES 
IN WILOLIFE HASITAT 

p 

e 

MONTHLY 

N 

M 

« 

NOTE: H * HIGH 

M * MEDIUM 
L • LOW 



P« PRIMARY 
C ■ COMPLEMENTARY 
t * HIGHEST PRIORITY 




icol parameters of vegetation to radar response parameters. 
These experiments should be coordinated with sensor mea- 
surements and model studies for other wavelengths. 

In general, the translation of ground-truth measurement 
techniques into the design of an operational system requires 
the incorporation of parameters which are not considered in 
point measurements. One parameter which introduces a 
variation is topographic variation across the scene under 
consideration. Since the ability to appropriately detect a 
phenomenon may hinge on the use of a specified incident 
angle or range of angles, strong topographic changes may 
degrade system sensitivity to the application parameter of 
interest. 

Further research needs include: 

1. Sensitivity analyses of incident angle variation on the 
detection accuracy of the desired parameter of interest. 

2. Identify possible techniques to strip SAR data of its 
topographic information and influence. 

Experiments at the University of Kansas using truck- 
mounted sensors suggest: (I) an improvement of crop 

discrimination when simulated radar imagery and Landsat 
data are merged, and (2) a strong correlation between radar 
bockscotter and soil moisture. It is necessary to evaluate 
these measurements with imaging sensors flown at aircraft 
attitudes. It is important to determine whether the 
correlations con be observed under a diversity of natural 
variations (soil types, surface roughness, variability of 
planting dates, etc.) over brooder areas. 

Techniques of merging radar and Landsat imagery that 
utilize the dynamic range and precision of the rv tr 
imagery, must be evaluated and optimized. This includes 
such problems as registration of radar, MSS and other data 
sets (e.g., topoqraphy), and removing effects of radar 
speckle to allow use of image classification algorithms. 


The future research needed to establish the role of 
active microwave sensor data for applications involving 
forest lands includes: 

1. Use of SAR for tree species identification. Deter- 
mine the species that con be discriminated ond the level of 
accurocy ond reliability. 

2. Determine capability to ascertain timber volume (as 
related to stand density and tree height) using SAR data. 

3. Develop capability to automatically define the loca- 
tion ond the extent of change in forest cover. 

4. Determine capability to assess the condition of tree 
vigor, particularly in relation to diseases and insect infesta- 
tions. 

Essentially, there has been no useful research conducted 
on the problems of obtaining rangeland management inform- 
ation with SAR. Therefore, an experiment or series of 
experiments should be conducted that would provide for an 
evaluation of SAR as a means of evaluating range producti- 
vity and trend. 5uch an experiment should involve an 
indirect approach using scene roughness, tone, vegetation, 
height, soil and/or vegetotion moisture content, amount of 
bare ground ond other factors possibly measurable by SAR, 
to model or infer the productivity of the site or changes in 
productivity. Such an experiment should be conducted at a 
location where there is considerable ground dato ond where 
complementary Landsat MSS and aeriol photographic infor- 
mation can be made avoiloble. 

ECOMMENOATIONS 

I. Vigorously pursue the definition and development of a 
research program involving ground-based and aircraft sys- 
tems (both microwave ond optical) to address the research 
needs defined in this report. 
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2. Define a set of prime test sites involving crop, forest, 
and rangeland areas on which combined SAR/MSS research 
would be conducted 

3. Pursue definition of satellite SAR program to meet 
the information requirements in agriculture— many of which 
can only be met with SAR data Many of these information 
needs ere vitol to effective management of crop, soil, 
forest, and rangeland resources, both within the U.S. and on 
o world-wide basis. 

4. Develop data processing techniques to effectively 
utilize SAR data and to combine SAR and MSS data. 

5. Pursue ongoing technology transfer effort within the 
scientific community to develop a better understanding of 
capabilities and limitations. 

LAND COVER 

There are three primary application areas in which data 
needs are not currently being met by available sensors, and 
where significant benefits potentially could result from 
application of active microwave remote sensing. These are: 

1. Comprehensive mapping of current lond use. Active 
microwave remote sensing potentially could be used to 
improve the occuracy of land use/ 1 and cover classification, 
both in terms of category identification and boundary 
delineation. 

2. Provision of lond use/land cover data for lond use and 
natural resources planning and management. There are 
specific needs for improvement of : ventory and monitoring 
techniques. 

3. Disaster monitoring . Development of a capability for 
early cFSir^ detection and damage assessment related to 
floods, fire, wind, earthquakes, landslides, and volconic 
eruptions is needed. 

STATE OF KNOWLEDGE 

Current understanding, with respect to land resource 
applications of octive microwave imagers, is documented in 
previous workshop symposium reports. They suggest a 
considerable amount of uncertainty as to the type and 
accuracy of information that can rei.ubly be extracted from 
octive microwave remote sensing. For example, the 
National Reseorch Council Committee on Remote Sensing 
Programs for Earth Resources Surveys ("Microwave Remcie 
Sensing from Space for Earth Resource Surveys," 1977) 
concluded that itw experimental data base was too limned 
to judge the potential usefulness of active microwave 
sensors for vegetation classification and for lond use. The 
Committee generally concluded that it was not clear that 
rodar imagery would provide o significant addition to 
existing information sources. Nevertheless, the panel 
believes that there are potential explications of octive 
microwave sensor dot a in a number of important areas 
identified in this report, and that these applications are 
sufficiently pronuring to merit further investigation. 

The Seasat SAR sensor has already been found to hold 
promise. For example, preliminary findings indicate that 
Seasat SAR data may be cfcle to separate forested wetland 
from dryland forests. The tree canopies would appear very 
similar in Landsat images taken during the in-leaf period. 

The NASA "Shuttle Active Microwave Focility Review" 
of 1978 concludes that: "Active microwave measurements 
of the reflectance characteristics of vegetation canopies 
have shown these oata to be sensitive to crop type, stoge of 
crop growth, and plant moisture. Experiments conducted 
over the last decade to determine the data needs in the 
renewable resources area which can best be satisfied with 
active microwave sensor measurements hove shown that the 
optimum rodar wavelength, polarization, ond illumination 
angle vary significantly with the application. For exomple, 
vegetation measurements we facilitated by short wave- 
lengths and large incident angles, whereas soil moisture 
measurements generally require long wavelengths and small 
incident angles." 


Other reports indicate that: 

1. Improved land cover classification due to the gee of 
Seasat SAR data as an additional spectral band has been 
demonstrated. 

2. Category boundary delineation, particularly land/ wa- 
ter boundaries, may be significantly Increased In accuracy 
by the use of Seasat SAR data. 

3. Urban category and boundary delineation appears 
promising by the use of active microwave date. 

APPLICATIONS 

The panel feels there are three important applications 
areas ‘which should txr investigated 

1. Comprehensive mapping of current land rne/hmd 
covur patterns; 

2. Surveys of specific land use/land cover types for 
natural resources planning and management; and, 

3. Disaster monil oriny. 

In each of these areas, to a greater or lesser axfc'.t, 
significant current information needs are not adequately 
being addressed by current sensor systems. While th.»re is 
reason to hope the future higher spatial, spectral, and 
temporal resolution sot-hito sensor systems operating in the 
visible and infrored portions of the electromagnetic spec- 
trum will help satisfy these needs, it is evident that 
information gaps will still exist. 

The user community for information on lane use/land 
cover is very brood. It includes: (I) planners at the Federal, 
State, and regional levels, as well as in the private sectors; 
(2) resource managers; (3) researchers in the ocademic world 
and government; and (4) a variety of business people and 
educators. There is an international demand, as well as a 
domestic one. The need for training programs is a natural 
follow-up to information dissemination. Ttie demand is a 
gt owing one. 

Improved comprehensive >and cover mapping Information 
is required to increase the usefulness of resource maps 
utilizing the Geological Survey mapping scheme devel- 
oped in USG5 Professional Paper 964. More complete Level 
II category classification is needed for users at the Federal, 
state and local levels. 

Timely coverage is required that would allow the 
development of regional data bases where the imagery is 
collected over large geographic areas within a narrow time 
window. 

A surface texture component obtainable with active 
microwave sensors, when added to the conventional multi- 
spectral thematic classification schemes, would provide two 
important characteristics: (I) category boundary delineation 
where the field and roodway boundaries that enclose eoch 
land cover category ore sharply delineated; and (2) improved 
category classification due to the unique texture component 
in octive microwave sensor data that is added to the visible 
sensor dota. The surfoce texture component is particularly 
suited to assisting in the identification and boundary 
delineation of cultural patterns on the landscape. At the 
patterns produced by human activity differ from those 
occurring nnturolly (i.e., more straight lines with angular 
surf oces of more uniform dimensions), octive microwave 
sensor data qppear to offer the potential to*- assisting in the 
accurate, timely delineation of urban areas. 

Current lond cover information is required far the 300 
major metropolitan areas throughout the United Stales. 
Large area coverage over multiple swath-widths is required 
within a three-month period to support a number of state 
and federal data base programs. Cloud- free cover oge is a 
major element in the uniform coi jetion of the resource 
information over large areas and it therefore would be aided 
by a system that is unaffected by clouds. An acthe 
microwave system might be required to provide all data of a 
given area in times of severe cloud cover to meet o given 
time schedule for inventory. It is likely, however, that most 
often such o system would be employed to assist in the 
extrapolation of information collected and analyzed in land 
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usc/'and cover in the visible and near-infrared region from 
cloud-free areas to cloud-covered area*. 

The development of change detection technique* for the 
monitoring of residential expansion in the urban fringe zone 
is a requirement that is mandated to the U.S. Bureou of 
Census. The delineation of this urban fringe zone is used as 
a basis for the distribution of monies to local governments 
from a number of federal funding programs. As stated 
above, os naturally-developed and culturally-derived pat- 
terns typically produce shapes of different types, boundary 
delineation could potentially be assisted by the addition of 
an active microwave data component. Accuracy improve- 
ment derived through the addition of such a system, 
however, needs to be assessed. 

The monitoring of the conversion of agricultural lands to 
urban development is of considerable interest to the 
resource manager. Conventional Land sat multispectral 
classification has limitations due to the similarities in 
spectral signatures of residential area# and certain agricul- 
tural practices. 

Intra-urban land use category classification could be 
improved through the introduction of a texture component 
to the classification scheme. 

improved identification and inventory techniques are 
needed to map surface strip mines in the eastern and 
western regions of the United States. This information is 
required on both the federal and state level. Landform 
identification and terrain analysis are required as input to 
the area strip mining data bases. The ability to evaluate the 
excavation and reclamation activities over a large geo- 
graphic or ec is also a data user need. 

Abandoned mine lands identification and reclamation 
require the ability io identify altered surfoce topography, 
such as contour mining and mountain removal, through 
regrown vegetative ground cover. This requires a surface 
texture element in the spectral classifier. The federal 
government is plocing a tax an each tan of cool to provide o 
multimillion dollar fund for the reclamation of the aban- 
doned mine lands. 

Species level information is needed for the wildland 
vegetated areas of the western U.S. and Alaska. These 
resources cover thousands of square kilometers and consti- 
tute a wildlife habitat resource that is inadequately mapped 
to date. 

Forested wetlands identification and mapping require the 
delineation of basic species level data: deciduous, conifer- 
ous, and mixed. Surfoce texture data could provide 
additional information related to height and density of 
vegetation as associated with varying water reyimes and, 
therefore, enhance the accuracy of delineating forested 
wetlands and harvestoble timberlands of the coastal flat- 
lands. Accurate delineation of coastal wetland boundaries 
hinges on the ability of radar to penetrate vegetation cover 
(marsh or floating aquatic plants) and then indicate whether 
the underlying surfoce is land or water. 

Existing techniques of marsh productivity estimation 
provide for delineation of different species of marsh grosses, 
but fail to detect the inundating standing water beneath the 
marsh grasses. The inundating water boundary is a signfi- 
cant parameter that affects marsh productivity. Microwave 
data may provide the boundary of wet and &y marsh and 
thereby lead to a more accurate estimate of the productivi- 
ty of marsh grass areas. 

Frequent surveys of a disaster site are required for 
satisfactory estimation of the intensity or extent of damage. 
This requires tiie ability to monitor the site through cloud 
cover, dense smoke, and at night. Such phenomona os 
tornados, hurricanes, floods, forest and range fire domoge, 
ond coastal shoreline overwash by storm surge waves require 
monitoring. 

POTENTIAL 

The occurocy of information to be extracted from the 
microwave measurement remains to be determined, but the 


potential to derive new perspectives on land resources 
applications remains. Particularly Important hare to the 
potential for radar to add at important spectrol/texturol 
co m ponent to land cover Identification and to increase the 
potential far timely comp re hensive mapping of land cover In 
areas of cloud cover by either direct or indirect means, 
assisting In the extrapolation of data from cloud-free to 
obscured areas. 

Timeliness - With free-flying SAR sensors, data collection 
can be made independent of lighting and meteorological 
constraints. For land use/land cover applications, this 
means that user agencies can (o) obtain an immediate 
disaster assessment, and (b) depend an a remotely sensed 
Inventory at specific dates. An example of (a) would be the 
assessment of the extent and location of flooding or building 
destruction for disaster relief. Examples of (b) are all the 
data being collected for government planning required at 
specific predetermined times. Far land cover data to be 
efficiently integrated to the data base, it must olso be 
available from that date. 

Visual interpretation of image data - The extended infor- 
matian of SAfT data may help improve the recognition of 
important land uses <md delineation of the extent of land 
use/land cover types. Examples in urban areas Include: 

a. urbanized area boundary delineation, 

b. discriminating strip commercial areas, 

c. delineating transportation corridors. 

Examples in rural areas include: 

a. settlement patterns, 

b. wind b r eoks, 

c. abandoned strip mine pits. 

Extended information content in automated pattern recog - 
nition procedures - Land cover mapping using pattern rec- 
ognition techniques, particularly for some USGS Level II 
classifications, is going to require spectral information 
channels that are more discriminating than those on Landsat 
1-3 and D, or even that envisioned for MRS. The surface 
roughness measurements and volume scattering properties 
available from SAR will help to more precisely identify 
man-made laid use types. An example in urban areas 
includes: strip commercial transportation corridors. Ex- 

amples in rural areas include: wetlands vegetation, irrigated 
lands, primary/ secondary forests. 

Independent machine processoble land cover mapping from 
mulri -channel and mutt'polorization digital I Imagery - A 
system which can provide the equivalent of imagery for 
land cover mapping over large areas with no cloudiness 
constraint would permit timely inventories of large areas in 
moderate and heavy cloud cover regions. Envisioned here is 
an independent system calibrated with multispectral image 
classification results. Examples include: 

a. Land cover mapping in humid tropical regions. 

b. Annual regional and statewide inventories in the 
mid western U.S. 

RESEARCH NEEDS 

The land use/land cover research needs for SAR applica- 
tions will require an assessment of system capabilities, the 
impact of regional differences, and the ability to achieve 
specific classification accuracies. 

Four kinds of system capabilities investigations need to 
be performed in a phased npproach within eoch of the 
principai regions of interest in the U.S. The required 
investigations include: 

Ground-based versus Oiborne ersus spoceborne tr^ve 
microwave data - One of iKe more scier-’lftcolly controllable 
aoci cost-effective methods nf obtaining data pertaining to 
the hock scat ter coefficient of active microwave remote 
sensors is to use ground-based and aircraft scotterometers. 
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However, because the data collected are essentially for 
point targets or for small areal targets, the question often 
vises concerning the relationship of these dato to the data 
obtained from both airborne and spaceborne imaging sys- 
tems. The relationship of the University of Kansas 
spectrometer data of agricultural features and the snow 
pack data obtained by the Goddard Space Flight Center to 
airborne image interpretation (visual and mechanical) are 
cases in point. Similarity, the relationship between airborne 
image data and spaceborne synthetic aperture radar image 
data has not been defined. Because these questions are 
unanswered, it is imperative that they be asked and resolved 
with a systematic investigation. 

Investigation of the impact of radar system parameters on 
land use and land cover signatures - In order to properFy 
identify the parameters for optimum design of a radar 
system for data collection for land use/land cover applica- 
tions, systematic studies need to be conducted to provide for 
the maximum combination of candidate parameters. The 
combinations can be thought of as an n-dimensional matrix 
composed of: 

a. different land cover/lond use types of interest, 

b. look direction (azimuth), 

c. wavelength, 

d. resolution, 

e. polarization, 

f. depression angle. 

Although some of the questions may be answered through 
analysis of engineering data, such analyses should be 
confirmed with empirical evidence. Such studies should be 
oriented not only toward defining an optimum radar system 
for land cover/land use studies, but also to determine how 
the backscattered signal may change through time for o 
given combination of items identified above, e.g., to 
determine how sensitive or insensitive the radar may be to 
subtle changes in the land cover. 

Finally, because in any given geographical area the 
orientation of cultural features will not all be such that they 
will provide optimum imoge data, a detailed investigation 
should be initiated to determine the feasibility and method- 
ology to be used to mitigate the look direction effects of the 
radar data. 

Assessment of cartographic properties and planimetric 
accuracy of SAR - A need common to all lond applications 
of SAK data is the geometric rectification of Level I data to 
ground coordinate systems. Ultimately, most information 
obtained from SAR data will be related to surface data or 
displayed in map format. In addition, geometric rectifica- 
tion is a necessary step if the SAR data are to be merged 
with complementary multispectral data (e.g., Landsat). 

At a minimum, an experiment should be performed to 
determine the feasibility of SAR image data to meet 
National Map Accuracy Standards at a scale of at least 
1:250,000 and preferably 1:100,000. Test sites should 
include flat terrain (e.g., Garden City, Kansas), undulating 
terrain (e.g., Washington, D.C.), and mountainous terrain 
(e.g., Whittier -Portoge, Alaska). For each site, local as well 
as global, map accuracy needs to be achieved if the SAR and 
Landsat data are to be input to digital classification 
algorithms. This will probably require a systematic analysis 
and programming effort to utilize digital terrain files to 
assist in compensating for horizontal offset caused by look 
angle, and to assist in providing an understanding of the 
limits inherent in modelled topography compensation pro- 
cedures. 

Simultaneous multi -parameter SAR investigations - In order 
for 5AK to conclusively demonstrate its ability to enhance 
the information content already existing for current and 
planned visible and near-infrared imaging sensors, simulta- 
neous multi -parameter rador overflights need to be under- 
taken. Empirical studies of the bockscotter properties of 
SAR over large areas from digitol imoge dota sets need to 


be undertaken to answer fundamental questions regarding 
the utility of SAR for three levels of remote sensing 
information enhancement. At least tour simultaneous Imoge 
data sets (multi -channel, multi polarized) need to be assessed 
for their enhanced information content to visual interpre- 
tation of image data. Similar data sets need to be generated 
for their systematic Introduction to existing multispectral 
imagery to determine their contribution to improving au- 
tomated pattern recognition of land cover/land use types. 
Finally, it should be demonstrated that it is possible to 
independently use multi -parameter SAR dato to generate 
machine processed land cover maps. 

While it is recognized that a comprehensive capability 
will not be achieved for some time, it will be necessary to 
undertake a sufficient number of experiments at enough test 
sites to assure that SAR imagery can provide sufficient 
information to meet the USGS Level II classification 
standards within each of the principal ecoregions of the U.S. 
Within each ecoregion it is important to investigate the land 
cover mapping and land use type recognition capabilities for 
SAR in three types of land use groups. In order of their 
significance, these are, first, metropolitan regions; second, 
cultivated rural lands; and third, wildlands. 

RECOMMENDATIONS 

The Land Cover Panel believes that several important 
resource application areas have been identified that could 
benefit from utilizing SAR data in the mapping scheme. The 
panel recommends that NASA develop a series of experi- 
ments in accordance with the guidelines expressed in the 
Research Needs section, which would provide a quantitative 
evaluation of the potential application areas identified in 
this report. Additional recommendations are: 

1. Distribute Seasat-A data to a wider user community. 

2. Develop a spaceborne SAR program as a means of 
continuing to furnish microwave image data compatible with 
Landsat D data. 

3. Support the development and evaluation of MSS and 
SAR data integration and thematic classification techniques 
for land cover/resource mapp : r<g. 

A. Evaluate multi-channel and multipolarization imagery 
for its potential improvement to land cover mapping over 
single channel SAR data. 

WATER, ICE, AND SNOW 
STATE OF KNOWLEDGE 

Sea, Lake, and River Ice 

Synthetic Aperture Rodor - Numerous aircraft flights using 
active microwave imaging systems, as well as the limited 
ice dato currently available from Seasat, have shown that 
SAR is a useful tool in examining floating ice problems. 
SAR imagery provides a map of the roughness of the ice and 
sea surface. As such, it allows delineation of the edge of 
the pack; specification of the lead systems which offer easy 
transit to shipping; identification of significant ice hazards 
(ice islands, large pressure ridges, floe bergs, ice bergs); 
precise specification of relative motions within the pock; 
and the ability to discriminate between first year and 
multiyear ice. 

The improved knowledge of the motion field of the pack 
will provide individuals currently working on developing 
numerical models for simulating ice pock dynamics and 
thermodynomics with a dato set against which different 
models can be tested ond validated. Once such validations 
are completed, these models can be used with increased 
confidence in forecasting local ice conditions such os those 
along the North Slope during the operotion of the Sea Lift. 
They can also be used in forecasts of the general motion of 
the pock in the Arctic Ocean ond its peripheral seas. One of 
the many possible results of such modeling is on improved 
capability for predicting the level and location of under- 
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water sound sources in the Polar Oceans, a subject of great 
interest to the U.S. Navy. 

Studies via the use of SAR of the air-oceon-ice inter- 
actions at the edge of the ice pock are, as mentioned, of 
considerable meteorological and climatological interest as 
this is an area of intense and complex interactions. The fact 
that SAR also provides information on wave direction and 
period is also a great help in the study of ice edge problems. 
SAR offers the potential of similar applications to lake and 
river ice problems, altlwugh the imagery is more difficult to 
interpret (it actually contains more intormotion in that both 
volume scattering within the ice and the roughness of the 
bottom as well as the top surface affect the strength of the 
return). The positions of ice on the Great Lakes and the 
locations of ice jams on larger rivers should be clearly 
visible. 

Scatter ometry provides an important addition to SAR 
imogery in that it allows the direct determination of water- 
ice boundaries, the discrimination between multiyear and 
first year ice and information on the surface roughness of 
the ice. It is quite possible that correlations can be 
developed between the nature of the scatte'. ometer return 
and the ridge height distribution. Scatterometry also 
permits ice type differentiation in both lake and river ice, 
although little work has been performed on this subject. 

Rodor Altimetry is also of use in studying the roughness 
characteristics of ice covers in that it measures the mean 
height of the ice, the roughness, and the total mean surface 
slope. Although scatterometry also has some potential 
application in this regard, it should be possible to translate 
the radar altimetry information into information on the 
number of pressure ridges and their height distribution. This 
is, of course, important to a wide variety of problems, for 
instance, vehicle routing problems over sea ice; submarine 
routing problems under sea ice; estimates of underwater 
sound attenuation produced by sound scattering by ridge 
keels; and estimates of the aerodynamic surface drag 
coefficient of the upper ice surface and the hydrodynamic 
surface drag coefficient of the lower ice surface. 

In summary, active microwave remote sensing systems 
show great proven capabilities as applied to the remote 
sensing of sea, lake and river ice. They are believed to be 
the most important systems for such applications in that 
they combine high resolution plus all weather capability. 
Their operational potential con, of course, be enhanced via 
the simultaneous use of additional sensors. Of particular use 
would be thermal infrared systems which allow the deter- 
mination of surface temperatures, and passive microwave 
systems which would focilitate the discrimination between 
ice and water and between types of first yeor ice. 

Glaciers 

Measurements made from the GEOS series of satellites 
ond from Seasot have confirmed the feasibility of making 
precise determinations of the devotion of the surfaces of 
glaciers and ice sheets from a satellite platform. 

The determination of the bed of a glacier c id the sensing 
of internal features within glaciers is also an established 
airborne remote sensing procedure via the use of low 
frequency (10-60 MH/) radio-echo sounding. The possibility 
of expediting similar techniques via a satellite still remains 
to be explored. 

Snow 

Pioneering microwave measurements of snow were con- 
ducted in the l9S0*s ond early I‘*fe0 , s. Since that time 
considerable progress has been made both in accuracy ond 
precision of the sensors and in five underspending of the 
interaction mechanisms. An important associated item has 
been the recognition of the need for pa*ollel detailed ground 
truth for improved understanding of the microwave data. 

Table 6 is a summary of pas* microwave measurement 
programs of snow, concentrating on active measurements, 


but also listing associated passive microwave studies. Fre- 
quency and angle of incidence at which the measurements 
have been made ore noted. 

The most recent ond comprehensive measurements of 
snow properties using active microwave techniques hove 
been made by investigators at the University of Kansas. 
They found that snow water equivalent couses the rodor 
scattering coefficient, o , to increase at angles away from 
nodir. Free water content, on the other hand, causes a to 
decreose at angles away from nodir. The sensitivity of cP to 
free water content generally increases with both increasing 
frequencies ond increasing angle of incidence. The variation 
of o with free water content becomes increasingly nonlin- 
ear with increasing frequency. The variation of o with 
snow water equivalent was observed to be exponential. 
Snow surface roughness exhibits a small effect on a under 
dry snow conditions ond a lorge effect under wet conditions. 
A simple model for incorporating the effects of snow 
wetness, snow water equivalent, and soil state (frozen or 
thawed) was shown tu give a good representation of U Q in 
terms of measured ground truth values. 

Hydrology 

Microwave sensors appear to be capable of measuring the 
four characteristics of a watershed that control the amount 
and rate of runoff from rainfall: soil moisture, vegetation, 
soil structure, and surface roughness. These characteristics 
have not been measurable previously as direct input to 
hydrologic prediction and forecast models. Currently, there 
are no adequate models to use this type of information, even 
if it were measured on o routine basis. This, in oddition to 
the capability of measuring areas instead of points, may be 
important contributions to future hydrologic procedures. 
Microwave sensors also have the all weather capability 
necessary for hydrologic applications. 

Soil Witness 

Present evidence shows that both active and passive 
microwave respond to soil moisture variations in the upper 
surface. in fact, correlations of microwave data with 
gravimetricolly determined soil moisture approoch the limit 
imposed by the accuracy of the ground truth measurements. 
This is in the case of homogenous bare surface conditions. 
The perturbing factors superimposed on this which arise 
from changes in roughness, soil type, slope, vegetation 
cover, and shape of the moisture profile with depth, degrade 
the sensitivity ond accuracy of the measurement, but do not 
appear to preclude making acceptable moisture estimates. 
Individual studies of each effect and its consequent effect 
on sensitivity ond accuracy, have been performed. However, 
the data buse is not yet sufficient to perform statisticol 
analyses of combined effects. The relative response of 
microwave sensor data to soil moisture in the upper surface 
is reasonably well documented. 

There is not the same degree of agreement with regard 
to what is the absolute measurement accurocy obtainable, or 
even what absolute measurement accuracy is required. For 
insrance, the moisture profile with depth is a continuously 
varying function. The expression of percent soil moisture 
immediately implies an average composition over some 
depth interval. The microwave measurement of the mois- 
ture is a nonlinear weighted response to moisture in the 
profile. In general, the response decreases exponentially 
from the surface with the rate of decrease a function of the 
moisture present and the sensing wavelength. With this the 
case, correlation analyses of microwave response verstft 
moisture from different depth intervals can be quite 
misleading due to the high degree of internal correlation of 
moisture between differing depth intervals. 

APPLICATION S 

It is clear that active microwave remote .easing systems 
can provide useful data for the st dy of surface water 
supplies, ice and snow relative to the dynamics of the 
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hydrologic cycle ond related climate, agricultural, and 
engineering problems. High resolution, active microwave 
imagery from space can immediately provide useful observa- 
tions in several applications areas. Applicable observations 
for navigation ond shipping operations troubled by ice cover 
on rivers ond lokes and offshore operations in the Arctic and 
Sub-Arctic would be available— not only because of the high 
spatial resolution but also because of the ability to moke 
observations through persistent cloud cover. 

It is also clew that SAR imagery treated as on additional 
spectral band in combination with Landsot data would serve 
to better delineate land cover and associated changes in 
time that would be useful in watershed planning studies. 
The ability to acquire images through clouds and modest 
amounts of vegetation would also assist in obtoininq timely 
flooded area surveys and marsh or wetland studies and 
surveys. Because of the demonstrated responsiveness of 
octive microwave observations to moisture in snow ond soil 
as well as varying spectral sensitivity to vegetation, soil 
structure, surfoce roughness (the watershed characteristics 
affecting and controlling the amount of runoff from precipi- 
tation), it is recognized that there is a considerable 
potential for utilizing ond applying active microwave obser- 
vations for o wide variety of fundamental hydrologic studies. 
This requires continued reseorch to effectively understand 
ond quantify this information. 

Sea Lake, ond River Ice 

Although there are many aspects of sea, lake and river 
ice that are different, in general the problems caused by 
these ice types are similar. 

When sea lake or river ice form they produce surfoce 
barriers to ship movement. The thickness of ice that con be 
transited depends, of course, upon the design characteristics 
of each qi-'-n ship. However, even the most powerful shifts 


can greatly speed their passoge through ice by utilizing the 
flows (leads) that ore produced by differential ice move- 
ments. To less powerful ships, the use of such lead systems 
is absolutely essential to safe passoge. When pock ice 
converges, the resulting friction exerted on a ship's side is 
enough to stop even the most powerful ship. Accurate 
estimates of how long such ships con be immobilized are 
crucial to ship routing ond to the design of adequate storage 
facilities in northern developments. 

Ice jams on Iwge rivers such as the Mississippi and Ohio, 
terminate barge traffic, ond commonly domoge w destroy a 
number of barges eoch year. The economic losses associated 
with such curtailments of river traffic are estimated to be 
on the order of a million dollws a day. In addition, ice jams 
an numerous smaller rivers cause severe local flooding at a 
number of sites in the U.S. and Ctnada eoch yew. 
Organizations concerned with such problems include the 
Corps of Engineers, U.S. Novy, U.S. Coast Guard, and a wide 
variety of organizations involved in developing sea trans- 
pwtotion in the high Arctic aid winter transpwtation within 
the inland water systems of the United States. 

In oddition, offshwe operations for oil ond gas we now 
underway at a number of sites in the Arctic and Sub- Arctic 
where ice related problems pose a serious hazard both as a 
majw design consideration and as a continuing threat during 
operations. Detailed knowledge of sea ice behavior can 
greotly lessen the possibility of design or operational errors 
that would result in production delays and offshwe spills. 
Such spills could be very difficult to control in the polw 
oceans as ice would at best impede ond at worst prevent 
attempts to stop and clean up the spill. Considering that in 
Arctic Alasko such spills would be localized by the heavier 
ice to major marine monnol migration routes, the economic 
ond political ramifications of such occurrences would be 
extreme. Data and increased capability relating to those 
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area* would bo of great value to o variety of organizations 
within the U.S. Government (OOI, Corps of Engineers, U.S. 
Coast Guard, DOE), to the State of Alaska, to the Canodian 
Government, and to a number of oil and gas companies and 
their contractors that contemplate the development of such 
ice covered regions. 

Probably the most import wit aspect of the world's 
floating ice covers are their effect on weather and on 
climate. The ice acts as on insulating layer between the 
cold air and the warm ocean. The amount of heat being 
transferred to the atmosphere is governed largely by the 
location of the pock and by the amount of diverging motion 
occurring within the pock (the percentage of leads o» very 
thin ice areas). In addition, the edge of the Ice pock is 
known to exert a significant steering effect on the large 
winter storms that form along the Gulf of Alaska and the 
Bering Sea and in the North Atlantic. Depending upon the 
location of the edge of the pock ice, these storm systems 
may take quite different routes resulting in appreciable 
changes in the weather in North America and Europe. 
Improved data and understanding of these subjects would be 
of great interest to NOAA, WMO, and to a variety of private 
organizations involved in meteorological forecasting. 

Many scientists think that the Earth is currently in a 
period of climatic change and that in the coming decades 
the increase in atmosphere COy will result in a general 
atmospheric warming. If this occurs, the greatest worming 
will probably be in the polar regions, with the most affected 
natural entities being the sea ice cover and the large glacier 
systems. For instance, initial estimates of possible climatic 
changes by the end of the century suggest the possibility of 
a 5°C warming during the polar summer. Under such 
conditions, the polar ice packs could completely disappear 
during the summer. The effects of such changes on world 
weather and on transportation routes could be enormous. If 
models of such future behavior of the world's floating ice 
sheets and the effects that changes in the present conditions 
would have on world weother can be developed, the results 
v*ould be of great interest to climatologists and to persons 
involved in long-term economic and agricultural forecasts. 
Undoubtedly the climate of lorge regions would undergo 
appreciable changes. Such information would be invaluable 
to the National Climate Program, to NASA's Climate 
Progrom, and to the planning community in general. 

Glaciers 

There appear to be several applications of active 
microwave measurements to the study of ice caps and 
mountain glaciers. The basic data need in the case of ice 
caps, is on accurate map of the elevation of the upper and 
lower ice surfaces. The data would be used directly by the 
scientific community to address basic glaciological questions 
related to the ice caps. The determination of surface 
topography is essential to this research because the dynamic 
behavior of the ice caps is in part determined by the 
distribution of surface slope. Measurements of changes in 
the surface el.vation of mountain glaciers would be partic- 
ularly useful in the study of glacier surges; another area of 
current research octivity. During a surge, the accumulation 
region of a glacier drops quickly, accompanied by a sudden 
advance of the glacier tongue. 

The long term behavior of the ice caps is important 
because of their interaction with the global climate system. 
Even though the response time of the ice caps is of the order 
of 1,000 years, measurable change may occur on scales of 
years and decodes. One important place to look for such 
changes in the totol ice volume. Such changes hove far- 
reaching importance for determining global climate and the 
mean sea level. 

For mountain glociers, the most promising applications 
seem to be determining water content of the snow, and in 
measuring the surface elevation. The economic significance 
of a proper understanding of the runoff from glaciers cannot 
be overestimated. The runoff affects fresh water supplies, 
hydroelectric generation, and recreational activities. For 


the** reasons, the study of the behavior of melt water in a 
glacier is a topic of current research interest. 

Snow 

Probably the greatest needs of water resources users In 
the area of snowpock properties involve measurements of 
snow cover extent, water equivalent and/or depth, and free 
water content on an weal basis. These particular items 
have been shown to be especially important for the 
prediction of the quantity and timing of snowmelt runoff. In 
oddition, the determination of the underlying soil conditions 
(most importantly frozen vs. unfrozen, but also dry vs. wet) 
has a major influence on the amount of runoff generated 
during snowmelt. Snow cover, depth, and frozen soil 
condition ore determining factors for winter kill of wheat. 
All of these user information needs are of high priority and 
can potentially be met by remotely tensed data if the data 
are available in a timely fashion ond on o frequent basis, 
usually within three deys in most case*. 

Conventional measurements commonly focus on the 
determination of snow depth and water equivalent, but only 
ot a few specific points in o basin. The areo-wide 
measurement of all of the above parameters it, generally, 
not satisfied with existing data sources. 

Hydrology 

there are o number of hydrologic applications that 
potentially con be met by remotely sensed data. In general, 
the usable design and planning procedures have not chor^ed 
in the lost 20-40 years, in spite ot converters and consider- 
able research directed towards describing hydrologic pro- 
cesses in great detail. One of the major reasons the new 
research has not been adopted by agencies ond engineering 
firms is because of the very complex and numerous data 
needs. The major hydrologic applications that could be met 
with improved data ore flood and water supply forecasting 
and hydrologic evaluation of land use changes caused by 
urban development, ogriculture, mining, etc. Major benefits 
would be realized by developing procedures to use physi- 
cally-based distributed models or by developing meosuroble 
hydrologic coefficients for lumped models. This includes 
one time or several sets of data (spaced months or years 
apart) to describe drainage network, topography, soil type 
and land use. It also includes data on the state of the 
system that would be available ot frequent intervals (hours 
or days) to describe soil moisture, snow, frost, and precipita- 
tion distribution. The temporal data would be invaluable for 
forecosting ond for feedback to large scale water manage- 
ment simulation models. 

The user community for such information includes all 
federal and stote agencies dealing with water resources, as 
well as private engineering firms, irrigation companies, and 
the power industry. The economic benefits can o r estimated 
because water has a price, ond the effects of too 
water or too little water con be econominlly detortii tM*. 
The lock of suitable structural alternatives (i.e., dams, 
levees, etc.) and their environmental consequences makes if 
imperative that future benefits be realized through i n 
proved forecasting and management. 

Soil Wetness 

There is a large and growing demand by agticc!'.-; , :t* 
and hydrologists for an occurate, synoptic measure the 
volume of water present in the soil ot ony given timr. f'.e 
terms soil wetness and soil moisture ore used to tS« 

desired measurement for hydrology ond ogriculture applica- 
tions, respectively. Different terms are used because each 
application area has somewhat different requirements for 
accuracy, scale, frequency of measurement, etc. The 
information needs, stated broadly, ares 

1. Hydrolog y - determination of upper zone soil wetness 
for determination of infiltration ond percolation. 

2. Agriculture - determination of root zone soil mois- 
ture as an input to vegetotive growth end production models. 

While a host of applications making use of soil wet- 
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ness/soil moisture profile data could be listed, the highest 
priority in terms economic benefit are associated with; 

1. Determination of runoff for stream flow forecasting. 

2. Improvement of crop yield forecasting. 

While there is virtually unanimous agreement ns to the 
benefit that soil wetness/soil moisture data would provide to 
these two applications, the specific dota needs are not well 
defined. This is due to the absence of any directly 
competing data source. In most current forecast models, 
the moisture response is incorporated through meteorolog- 
ical data inputs into empiricol relations. This means that 
development of the application must focus not only on the 
ability to perform the measurement, but on modifications of 
existing technology ond techniques to accept inputs In this 
form. 

POTENTIAL 

Sea, LokCj ond River Ice 

Active microwave systems have a unique capability for 
studies of floating ice masses. To be specific, they are 
capable of providing high resolution information at ull times 
of the year regardless of the weather (clouds or fog) or the 
light conditions (the long Polar night). This capability is 
absolutely essential for floating ice problems in that most 
difficulties and major ice movements occur either during 
storms or during the winter months when light is limited. 
Even during the summer the areas of pack ice ore invariably 
shrouded in fog. 

The odvantoges of the different microwave techniques as 
applied to different specific ice problems ore described 
elsewhere in this report. It should be noted that although 
the active microwove sensors have undoubtedly the greatest 
potential application to ice problems, their usefulness is 
greatly enhanced by simultaneous data collected by passive 
microwave systems, multispectral scanners, or laser sys- 
tems. 

Glaciers 

The need for measurements of the surface elevation of 
the ice caps ond glaciers cannot be satisfied by visual or 
infrared remote sensing techniques. There is every -eason 
to believe that a radar altimeter will provide elevation 
measurements of sufficient accuracy. Whether or not the 
bottom surface can be adequately profiled from space 
remains a moot point. 

In the s’udy of mountain glaciers, microwave backscatter 
has the potential to resolve the amount of liquid wuter on 
tire surface. It is anticipated that visual imogery and 
perhaps infrared sensor data would be used with the 
microwave data to determine the shape and exposure of the 
glaciers. 

Snow 

All of ’he user needs for snow information most likely 
require on approach to measurement that would combine 
var : ous types of remote sensina data. The fact that 
microwave energy penetrotes the snoyipock (and soil) sur- 
face provides a significant advantage over visible and 
thermal infrared techniques. Snow cover extent is best 
measured with visible data except under cloudy conditions 
when microwave sensors could provide bock up support. A 
multispectral microwave approach to measuring snow depth 
and water equivalent is possible because of the different 
penetration depths for the various wavelengths. The 
detection and measurement of free water content is also 
amenable to microwave (in both active ond passive). The 
detection of frozen ground with microwove sensors based on 
changing dielectric properties, has been demonstrated ond is 
possible even beneath a snow cover, when sufficiently long 
wavelengths are employed. 

For runoff forecasting, the logical combination is that of 
snow cover extent determined by visible techniques and 
snow depth and water equivalent determined by microwave 
technigtes. The combination of these results is the total 


snow volume available for snowmelt runoff. Combination of 
both active and passive microwave techniques appears 
necessary for optimum results. 

Hydroloay 

Water resource needs that can be best met by microwove 
data ore primarily those related to the correction of 
temporal data. One of the most Important requirements is 
for all weather capability. An equally important require- 
ment is for repetitive measurement of the watershed state 
variables! soil moisture, forest, snow, and perhaps cover 
conditions in agricultural areas. 

The ability of microwave energy to penetrate vegetation 
(or not penetrate depending on frequency, polarization, and 
angle), to respond to soil structure, to respond to surface 
roughness, and to respond to soil moisture, are perhaps the 
most important features for hydrologic applications. These 
ore the four watershed features that affect runoff from 
rainfall. In the existing hydrologic procedures, these 
features ore seldom measured directly but are estimated 
according to arbitrary relative scales. The potential for 
measuring the features directly could be a significant 
breakthrough for improving hydrologic techniques. 

Remotely sensed data hove on additional feature that 
potentially has great benefit for the water resource com- 
munity; that is the ability to measure on area, rather than o 
point. Hydrologic concepts have been developed from point 
measurements, i.e., soil columns, rain gouges, etc. A* o 
result of this, hydrologists have been largely unsuccessful in 
treafing spatial variability. This is perhaps the single most 
importont reason why infiltration theory has not been 
successfully odopted for hydrologic procedures. 

Remote sensing has the potential for "averaging" a great 
deal of information over on area. Use of these types of dota 
may provide the motivation for using more physicolly based 
models. However, it is likely that such models will have to 
be adapted or new models developed to take advantage of 
these data. 

Other types of measurements, MSS, IR, etc., could 
provide invaluable additional information to any single areal 
measurement. These other wavelengths would in general 
augment the microwave dota; the microwive data being the 
primary requirement for hydrology. 

Soil Wetness 

The unique aspects of microwove sensing oi soil wetness 
can be summarized in two words; timeliness ond penetra- 
tion. The timeliness is a result of the near independence of 
microwave dota on atmospheric effects and solar illumina- 
tion. The penetration is due to the long wavelength of 
microwave energy and resultant increased skin depth. 

Penetration of a significant depth of moist material is 
what give rise to the unique potential for microwove data. 
Visual or infrared sensors have been shown to also g*ve a 
significant response to soil wet, less, however, this response 
is confined to the uppermost few molecular layers of the 
surface. Near saturated conditions, these surface effects 
may be quite striking. With only this thin surfoce film to 
work with, there is no way to integrate the total moisture 
input to the soil profile. Likewise there is no way to 
determine drying rates after the formation of a dry surfoce 
loyer. On the other hand, the microwave signal is a 
composite of o far deeper sectic-. variously estimated from 
? cm to 30 cm depending on moisture profile conditions. 

In the case of moisture input, this increased depth 
penetration provides the integr>-.ton ond storage needed to 
determine the size of the input event. In the drying cycle, 
monitoring of the response with time provides information 
on evaporative demand. This ability to occount for totol 
input and output is essential to developing water budget 
models to forecast the rnoisture content to still greater 
depths, such os required in crop forecast models. 

Other sensors will offer considerable aid in performance 
of these general tasks. For instance, knowledge of type ond 
amount of vegetative cover will improve moisture esti- 


motes. This information may be obtained either from 
visual/infrared sensor* or by incorporating diversity in the 
microwave sensors. That is, this identification may also be 
mode using microwave sensors, but the system operating 
parameters will be distinctly different from those of the 
moisture measuring instruments. 

It also appears desirable to consider acquisition of both 
active and passive microwave dato optimised for moisture 
measurement. The active instrument will be needed to 
provide spatial resolution compatible with the various 
applications. Passive microwave sensors provide informa- 
tion in o different portion of the ongular scattering pattern 
which may improve moisture estimation and may offer the 
capability of increased sensing depth, 

RESEARCH NEEDS 

Sco, Lake, and River Ice 

1. Procedures for rapidly and occuratety obtaining ice 
velocities, strains, ond strain rotes should be developed using 
Seosat SAR data of sea ice regions. Also, consideration 
should be given to automating pattern recognition tech- 
niques for determining quantitative information on ridging 
and leod patterns, and floe geometry, 

2. The data derived from the above program should be 
used in several alternate ice dynamics models both as input 
and os adequacy checks on the ultimate model forecasts. 
Studies should be mode using detoiied models specifically 
tailored for certain regions or seasons, as well as basin-wide 
models. The use of SAR imogery in such studies should 
greatly increase the confidence in the predictive capabilities 
of such models. 

3. Work should be expanded to improve the understand- 
ing of variations in the rodar scattering coefficient, o , of 
sea ice. Ice of a variety of different temperatures, Brine 
volumes (salinities), and crystal orientations should be 
studied. Studies shouid also be made of the a of pack ice as 
a function of the degree of surface ridging and the look 
ongle. This will require the simultaneous operation of a 
calibrated rodar system and on airborne laser profilometer. 

4. Altimeter measurements should be made of the 
character of rodar return from sea ice of varying rough- 
nesses. The possibility of making predictions of the 
roughness of the underside of the ice from the altimetry 
dato should also be examined. It would undoubtedly be 
profitable to further explore the physics of the scattering 
from rough ice surfaces. As an additional facet of this 
program, attention should be given to the possibility of 
determining the aerodynamic roughness of ice surfaces using 
scafterometer and rodar altimeter data. 

5. Experiments should be carried out that expand the 
ability and confidence to interpret SAR imogery from the 
marginal ice rone (a region where ice types mov vary 
significantly from locations further info the ice pack). SAR 
data would also be useful in expanding the knowledge of 
mixing processes across the ice front. 

Glaciers 

While the principle of precise satellite altimetry seems 
sound, research is needed to define an optimal system for 
use over glacier ice, or of least to be certain that a 
multipurpose sensor will give satisfactory results over ice. 
This will require collaboration between the remote sensing 
and glociological communities. Minimum ultimate specifi- 
cations for the system must be: 

f. vertical at solute occuracy of ♦ Im. 

2. horizontal absolute occurocy of ♦ 1 00m. 

3. foot print of less that. 1 00m x 1 00m. 

4. linear sampling. 

5. good coverage of the ice caps once per year for many 
years. 

The potential application of microwave sensing to deter- 
mine the water content of snow deserves continued study. 
Again, coordination is needed between the glaciologicol and 
remote sensing communities to make progress toward this 


goal. The possibility of determining from space the bottom 
topography of glaciers and ice sheets should be further 
explored. 


6nty a few well planned experiment* for the active 
microwave sensing of sngwpack properties and frozen soil 
have been conducted. More data are needed. Specifically, a 
variety of differing .now types hove to be studied. Partic- 
ularly, simple models relating a and apparent brightness 
temperature to snow properties wr been developed wSch 
in order to be tested adequately and improved, require welt 
planned ground-based and aircraft programs under c variety 
of environmental conditions. Calibrated SAR imogery is 
required »o begin to extend active microwave measurements 
on an areai basis. Calibration could be facilitated by use of 
truck data or aircraft scafterometer measurements. 

The following specific items should be addressed in the 
experiments! 

(. Better understanding of the dielectric properties of 
snow, especially the imaginary part (effect of wetness and 
crystalline structure hove yet to be measured between P ond 
35 GHz). 

2. Attenuation and penetration depths need to be better 
quantified for different wetness ond crystal size conditions. 

3. Varying crystal size effects on o Q have to be 
quantified . 

4. The a response to snow water equivalent and depth 
under widely varying natural conditions needs to be estab- 
lished. 

5. The surface roughness effects of wet snow need more 
detailed study. 

6. Fading statistics for both infrafield and interfield 
variations need investigation. 

Hydrology 

1. Determine the hydrologic significance of microwave 
measurements as affected by vegetation, soil type, rough- 
ness, ond soil moisture. 

2. Develop procedures to extroct direct measurements 
of these four factors from remotely sensed microwave data, 
or develop a hydrologic equivalent that encompasses all four 
foctors. 

3. Investigate the size of hydrologicaiiy homogeneous 
areas that can be represented by single measurements. 

4. Determine the scale of hydrologic units that can be 
lumped with predictable losses in sensitivity. 

5. investigate the possibility of measuring rainfall input 
to hydrologic areas with SAR. Two issues should be 
addressed: 

a. Determine effective isohyetol mops of rainfall 
input to large oreas for water balance calculations (agricul- 
ture yield, drought, and water resource management). 

b. Determine if real-time estimates of rainfall rotes 
ana/or amounts con i>e estimated for real-time flood 
forecasting. 

6. Investigate the me of SAR in groundwater resource 
management. Three items should be addressed! 

a. Identification of groundwater recharge and dis- 
charge areas for general planning, as well as solid and liquid 
waste disposal. 

b. Resource inventory including springs and seasonal 
change . in groondweter elevation. 

c. Procedures for conjunctive monogement of sur- 
face and subsurface water. 

Soil Wetness 

1. [determine depth profile of moisture tnaf can be 
related directly to the microwave response. 

2. Establish and test moisture budget models operating 
with microwave and meferologico! inputs that can extend 
estimates of soil moisture to root zone depths. 

3. Improve definition of perturbing effects on sensitivity 
ond occurocy of moisture measurement. These include 
effects of roughness, soil type, vegetation cover (type. 
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density, volume, moisture content, etc.), moisture pro.' He, 
slope, and divflrr.il vor lotions. 

4. Improve definition of combi not ions of perturbing 
effects. This includes defining their spatial distribution and 
likelihood of occurrence os well a* their combined effect on 
the mlcrowove response. By implication, this need require* 
immediate movement to incorporate Imaging systems into 
the moisture measurement ijrogram. Although it is com- 
monly acknowledged that the ultimate spacebar ne system 
must have on imaging format, no current effort is being 
■ipent in Imagery analysis other than in a few Seasat 
experiments. Most current research is engaged In interpre- 
tation of truck and airborne system data. 

5. Improve definition of soil moisture relation to infil- 
tration capacity and consequent runoff. This also must be 
performed under the combined effect of the perturbations 
listed above. Perform runoff experiments using integrated 
microwave measurements obtained from imaging systems. 

6. For both the agricultural and hydrologic applications, 
there must be definition of the spatial resolution/oggrega- 
tion requirements in the presence of perturbing effects such 
as those listed, with the addition of such things os land use 
patterns, urbanisations, etc. 

RECOMMENDATIONS 

Sec. Lake, om) River Ice 

l" A suitable 'dialogue should be developed with differ- 
ent elements of industry to enable a number of applied 
experiments using SAR to be developed. Examples might be 
ship routing studies involving the Coast G'«rd, polar 
resupply vessels, or members of the Alaskan fishing industry. 
Other possibilities ore the application of detoiled ice 
movement or ice forecasting studies to offshore construc- 
tion north of Prudhoe Bay, 

2. Consideration must also be given to processing SAR 
imagery more rapidly and in o map-correct format that 
focilitofes its further analysis. Any system that produces 
large amounts of imagery must also be geared up to process 
large amounts of imagery. Also, models must be developed 
that gain maximum utilization from the specific products of 
SAR. 

3. Thought must also be given to the efficient use of 
other types of imogery and data in conjunction with the 
active microwave data. There ore many possibilities which 
can undoubtedly be tailored to fit the specific problem under 
study. 

Glaciers 

It is recommended that NASA undertake to 
demonstrate theapplicability of satellite radar altimetry to 
precise mapping of the Greenland and Antarctic ice sheets. 
Specific short term objectives should bet 

1. To solicit interest from the glaciological community. 

2. To support a study of existing technology by a small 
qroup of glaciologists and remote sensing specialists focused 
sharply on this issue. 

Long-range objectives should bet 

1. To maintain the capability for making these observa- 
tions. 

2. To support the data processing effort require*' to 
interpret the altimetry measurements. 

It is further recommended that NASA continue to 
encourage research on the microwave properties of wet 
snow. The short term objectives here ore to brooden five 
unde-standing of this phenomenon so that suitable techni- 
ques con be developed for making satellite observations of 
the melting glacial surface. It is emphasized that collabora- 
tion with the glociologicol community is essential. Impor- 
tant questions to be resolved ores how to distinguish 
different surface types such os glacier ice, melt water, firn, 
and new snow; with what precision con the wetness of snow 
be determined; ond ore the results sensitive to fog, or other 
meteorological conditions? 

The measurement of the surfoce topography of the major 


ice cops appeors to be within the range of present 
technology ond it of the first importance. Application of 
microwave sensing to determine the runoff from mountain 
glaciers seems less likely to pay off In the short term. 

Snow 

Several experiments must be per fo rmed to satisfy the 
previously mentioned research needs. 

1. Dielectric constant measurement of snow with differ- 
ing properties should be made in on environmental chamber 
under the range of parameters shown in Table 7. 

2. For oil experiments, better ground truth of the 
snowpock ond the underlying forget Is needed to facilitate 
model improvement and implementation. Table 8 lists the 
needed ground truth parameters. 

3. Snow wetness should be measured at various depths 
(Table 8) to correlate with the varying microwave penetra- 
tion depths at different fr- quencies. More frequent sensor 
and ground truth measurements should be mode when mow 
wetness changes are occurring. 

4. A coordinated effort should be mounted to obtain o 
series of ground-based active measurements over widely 
voryit g snow depth ond crystal size conditions. Measure- 
ments of o ond ground truth should be conducted ot several 
sites such Act at least the following conditions ore Included! 


Tati* 7. DESIRED RANOE OF 

parameters FOR OCTERMINIHS 

OtELCCTRtC 

PROPERTIES OF SNOW 

PARAMETER 

FREQUENCY 

l-lt.M.tS 4H1 

DENSITY 

.1 TO .S */««* 

wetness ( FREE water ... 

CONTENT ST VOLUME 1 

uto la 

CRYSTAL SIZE 

.(■a TO law 

TEMPERATURE 

-ZO*C TO 0»C 


Tati* t. GROUND TRUTH PARAMETERS 


A. SNOWPACR PARAMETERS : 

I.OCPTH S STRATIFICATION 
t.OSNSITY PROFILE ST LATER 
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f snow depths ranging from leu than 0.5m to greater than 3m j 
snow over frozen, thawed, wet, and dry soil. These 
experiments need to be conducted at a wide range of 
elevations with different snow accumulation rates and 
crystal sires. 

5. It is strongly recommended that passive microwave 
measurements be conducted simultaneously with the active 
measurements for (a) savings in cost of logistics, (b) savings 
in cost of ground truth acquisition, and (c) providing a means 
for evaluating the advantages of combined use of active and 
passive microwave sensors over either one alone. 

6. Develop models relating microwave parameters to 
snowpock properties and use the modeling concepts to guide 
field expe-lments and data collection. Verify or modify 
models based on field data. 

7. Conduct a comprehensive experiment over varying 
snow conditions that will involve ground-based and aircraft 
scattermneter measurements and calibrated aircraft multi- 
spectral SAR data. Evaluate the utility of SAR capabilities 
for measureing snowpock and underlying conditions of large 
ureas. 

Hydrology 

To realise the pot*ntial of SAR or other remote sensing 
data for hydrologic applications, a concurrent development 
of the remote sensing rimubility and the development of 
modified or new hydrologu models will be required. The 
concurrent development is 'important because existing pro- 
cedures cannot take full advantage of the information in 
remote sensing; especially the potential improvements avail- 
able from SAR, 

Studies should be initiated to determine the effects of 
scale of hydrologic parameters or features on the results of 
prediction models. A simulation approach should be initi- 
ated that will not be dependent upon specific remotely 
sensed dofa. The results of these studies should provide 
information on how to lump hydrologic parameters. Those 
studies will also give a first estimate of remote sensing 
resolution and revisit requirements. 

5ei up o series of field verification experiments that are 
carried out concurrently with the development of measure- 
ment capability and the development of models to use these 
data. The field experiments should be conducted in several 
areas of different land resources so that the final results can 
be generalised to other ports of the country. The field 
experiments -,.ould be conducted in highly instrumented 
research watersheds that can provide the necessary ground 
truth data. Periodic truck and aircraft remote sensing 
measurements sttould be made to meet specific research 
objectives. 

Soil Wetness 

1. Continue ground-bosed measurement programs to 
provide calibration data of microwave system response to 
both sensor and target purometer variations. This effort 
should not be only continued but expanded, since in many 
coses verification of potential applications must await long 
term data acquisition. For instance, snow pack monitoring 
or crop forecasting experiments require dedication of the 
instrument to u local area for an extensive period of time. 
Extending the data base to different geographic and climatic 
regions as well as to oddress additional applications, requires 
more calibration -type systems. 

2. Ground-based truck and airborne line-trace systems 
are both, essentially, calibration type instrumentation for 
development of inversion algorithms and understanding of 
the basic physical process. The effect of spatial variability 
must receive more at ■ en! Ion. This requires the conduct of 
experiments utilising imaging sensors, preferably in conjunc- 
tion with the calibration instruments. Over this type spatial 
scale, the ground truth requirements developed for calibra- 
tion seosms ore iibviously impractical. However, changes in 
response over broad regions most be discernible if there is to 
be on olti unite use. 


3. Improve communications with the user community. 
In many instances there does not exist the means for 
utilizing silt moisture data in the form measured by 
microwave sensors. Unless parallel development of applica- 
tions models utilizing microwave soil moisture input is done, 
there cannot be a realistic demand for these type data. 

4. NASA should stop outgoing such a large proportion of 
available resources to targets of opportunity. Concentrate 
on the fundamental applications wherein microwave sensor 
data have a potentially unique and valuable contribution. 


CONCLUSION 

The ERSAR Applications Working Group concentrated on 
identifying applications of remotely sensed data which could 
benefit from active microwave sensor data. Although most 
of the Working Croup members were more experienced with 
the use of visible region sensor data than with microwave 
data, they also succeeded In providing o useful summary of 
the capabilities of active microwave sensor data, and of the 
research needed to satisfactorily verify these capabilities. 

These facts will be used by the Program Definition 
Working Group during their January 23-25, 1980 workshop to 
structure a detailed plan for future research and develop- 
ment in microwave remote sensing. 
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ERSAR APPLICATIONS WORKSHOP 
LUNAR AND PLANETARY INSTITUTE 

Clear Lake, Texas 
November 7-9, 1979 


AGENDA 


November 7 
8:00 Registration 

8:30 ERSAR Committee Structure and 
Objectives - S. Rosool, NASA 
Headquarters 

8:45 Workshop Format and Objectives - 
Jock Estes, University of California 

9:00 Workshop Organization aid Logistics - 
Jay Homage, Johnson Space Center 
Sue Sims, University of Missouri 

9:15 Panel Briefings - Tony Lewis, Session 
Chairman 

Oregon State Univer- 
sity 

Remote Sensing in Geology - 

P, J. Cannon, University of Alaska 
Paul Harrison, Cities Service 
Corporation 

Harold MacDonald, University of 
Arkansas 

Ronald Gelnett, Mars, Inc. 

Remote Sensing in Agriculture - 
Chris Johannsen, University of 
Missouri 

Fawwaz Ulaby, University of Kansas 
Forrest Hall, NASA/ Johnson Space 
Center 

!2:45 Lunch 

2:00 demote Sensing of Land Cover - 
John Place, USGS 
Chih-Tseng Wu, NASA/NSTL 
Nevin A. Bryant and 
M. Leonard Bryan, JPL 
Remote Sensing of Water, Ice 
and Snow - 

Wilford Weeks, CRREL 
Mlhei t Rcngo, NASA/Goddard Space 
Flight Center 

William P. Waite, University of 
Arkansas 

5:00 Panel Organization - Tony Lewis 

5:30 Social Hour 

8:00 Panel Sessions & Sreering Committee 
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_^_3 

8:30 

Summary of NASA Micro>. nve Remote 
Sensing Projects - 

James Taranik, NASA Headquarters 

9:00 

Panel Sessions 

12:00 

Lunch 

1:30 

Panel Summaries of Potential 
Applications - Jock Estes, Session 
Chairman 

Geology - Horold MocDonald 

University of Arkansas 
Agriculture - Roger Hoffer 

Purdue University 
Land Cover - Jerrold Christensen 

Environmental Systems 
Research Institute 

Water, Ice, and Snow - Wilford Weeks 
CRREL 

2:30 

Panel Sessions 

5:00 

Break for Dinner 

5:00 

Steering Committee Meeting 

8:00 

Panel Sessions 

November 9 

8:30 

Panel Reports - S. Rosool, Session 
Chairman 

Geology - Paul Harrison 
Agriculture - Roger Hoffer 
Land Cover - Jerrold Christensen 
Water, Ice, and Snow - Wilford Weeks 

11:45 

Summary ond Future Activities - 
S. Rosool 

12:30 

Adjourn Workshop 

1:00 

Steering Committee Meeting 

2:00 

Adjourn 
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PREFACE 


The ERSAR (Earth Resources Synthetic Aperture Radar) Program Definition Croup Workshop held in Pasadena, 
California, January 23-25, 1980, and the ERSAR Applications Group Workshop held in Houston, Texas, November 7-9, 1979 were 
two major elements in a series of working sessions to develop a program plan to aid NASA in establishing the value of active 
microwave sensor data in specific earth resources applications. 

This report presents the results of the Program Definition Group Workshop deliberations. The findings represent the 
judgment of 52 recognized experts in active microwave sensor applications, research and/or t ech nol ogy. The working group was 
composed of five panels! Geology; Agriculture; Land Cover; Water, Ice, and Snow; and Technology. Each panel reviewed the 
information needs in each area, determined the required research, and identified specific research tasks that should be 
undertaken. 

The ERSAR Committee was formed to define the role of active microwave sensors in future earth resources pro gr ams. 
The committee is composed of a Steering Committee and various Working Groups. The ten -member Steering Committee includes 
representatives from NASA Headquarters, Johnson Space Center, Jet Propulsion Laboratory, and the Working Group Chairmen. 
The Working Groups are composed of recognized experts in the several topic areas of concern, i.e., the Applications Working 
Group and the Program Definition Working Group include users, researchers, and system specialists knowledgeable in remote 
sensing data applications and/or active microwave data acquisition and analysis techniques. S.l. Rasoot, NASA Headquarters, is 
General Chairman of the ERSAR Committee; John E. Estes is General Co-Chairman. Anthony Lewis is Choirmon of the 
Applications Working Group. Keith Carver is Chairman of the Program Definition Working Group. M, Jay Hamoge, Jr., Johnson 
Spoce Center, is ERSAR Committee Coordinator responsible for conducting the working session with support from the University 
of Missouri-Columbia. 

The ERSAR Committee, sponsored by the Johnson Spoce Center, continues a series of related activities initiated by 
JSC in 1974. These included the Active Microwave Workshop (1974), Active Microwave Study Group (1975), Active Microwave 
Users Workshop (1976), Microwave Remote Sensing Symposium/ Workshop (1977), and the Shuttle Active Microwave Facility 
Review (1 978). 
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LIST OF ACRONYMS AND ABBREVIATIONS 

AIDJEX 

• 

Arctic Ice Dynamics Joint Experiment 

ASAR 

- 

Advanced Synthetic Aperture Radar 

cm 

- 

centimeter 

dB 

- 

Decibel 

ERIM 

- 

Environmental Research Institute of Michigan 

ERSAR 

- 

Earth Resources Synthetic Aperture Rodor 

ERTS 

- 

Earth Resources Technology Sate.lite 

FM-CW 

- 

Frequency Modulation-Continuous Wave 

GEOS 

- 

Geostationary Earth Orbiting Satellite 

GHz 

- 

Gigahertz 

GSFC 

- 

Goddard Space Flight Center 

HH 

- 

Horizontal Transmit-Horizontal Receive 

HV 

- 

Horizontal Transmit- Vertical Receive 

ICEX SAWG 

- 

Ice & Climate Experiment Science & Applications Working 
Group 

IR 

- 

Infrared 

JPL 

- 

Jet Propulsion Laboratory 

JSC 

- 

Johnson Space Center 

km 

- 

kilometer 

KU 

- 

University of Kansas 

LoRC 

- 

Langley Research Center 

m 

- 

meters 

MAS 

- 

Multispectral Active Microwave System 

MHz 

- 

Megahertz 

MSS 

- 

Multispectral Scanner 

NASA 

- 

Notional Aeronautics and Space Administration 

NOAA 

- 

National Oceanic and Atmospheric Administration 

NSTL 

- 

Notional Space Technology Laboratory 

RMS 

- 

Root Mean Square 

RPA 

- 

Resources Planning Act 

SAR 

- 

Synthetic Aperture Radar 

SAW/CCD 

- 

Surface Acoustic Wave/Charge Couple Devices 

SIR (SIR-A) 

- 

Spaceborne Imaging Radar 

TAMU 

- 

Texas A&M University 

TM 

- 

Thematic Mapper 

UHF 

- 

Ultra High Frequency 

USGS 

- 

United States Geological Survey 

UTM 

- 

Universal Transverse Mercator 

VIR 

- 

Visible/Infrared 

VV 

- 

Vertical Transmit-Vertical Receive 

X 

- 

Wavelength 

WMO 

- 

World Meteorological Organization 

C-band 

- 

Frequency band designation for 4GHz to 8GHz 

K-band 

- 

Frequency band designation for 10.9GHz to 36 GHz 

L-band 

- 

Frequency bond designation for 390MHz to 1.55GHz 

P-band 

- 

Frequency band designation for 225MHz to 390MHz 

S-band 

- 

Frequency band designation for 1.55GHz to 5.2GHz 

X-band 

- 

Frequency band designation for 5.2GHz to 10.9GHz 
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ERSAR COMMITTEE 

The ERSAR (Earth Resources Synthetic Aperture Radar) 
Committee is a long-term octivity initiated by NASA to 
guide the development of applications which con benefit 
from active microwave sensor measurements. The overall 
objective is to establish the validity of active microwave 
sensor data for accomplishing earth resources applications 
when used independently or in conjunction with other types 
of data. The immediate objective is to develop and 
implement a detailed program plan to guide the research and 
development efforts in this field. 

The ERSAR Committee consists of o Steering Commit- 
tee and various working groups. The first phase of the 
Committee's effort involves two working groups: Applica- 
tions and Program Definition. The tRSAR Committee 
structure is shown in Figure I. The Program Definition 
Working Group participants are shown in Table I. 

WORKSHOP OBJECTIVES 

The Applications Working Group addressed two basic 
questions: (I) What significant earth resources applications 
con be better addressed if active microwave sensor data 
were available to supplement existing or proposed data 
sources, and (2) Why or in what way do active microwave 
sensor data provide the desired additional information? 

The Program Definition Working Group oddressed two 
related questions: (I) How can the applications potential of 
octive microwave imaging sensors best be achieved, and (2) 
What research tasks should be undertaken to demonstrate 
and/or validate the measurement capabilities of these 
sensors? The Working Group was organized into five panels: 
Geology: Agriculture; Land Cover; Water, Ice, and Snow; and 
Technology. 

Specifically, the Program Definition Group Workshop 
undertook three tasks: (I) Identify significant gaps in current 
understanding that should be filled by a well-developed, 
coordinated research program; (2) Specify the objectives, 
justification, and prioritization of the research needs; and 
(3) Make specific recommendations for research tasks 
designed to satisfy the stated research needs. 

This workshop was structured to provide the participants 
with a summary of the results of the Applications Group 
Workshop and the status of existing ground-based, aircraft, 
and spacecraft sensor systems available to support a 
coordinated research program. The agenda for the Program 
Definition Group Workshop is appended to this report. 

SUMMARY 


The effective of the ERSAR Applications Workshop, 
November 7-9, 1 979, was to identify those applications of 
remotely sensed data that could be better oddressed by 
adding active microwave data to the existing or anticipated 
data sources. This was accomplished by identifying the 
proven capabilities of imaging radar sensors and comparing 
them to the information needs in each of four discipline 
areas: geology; agriculture; land cover; and water, ice, and 
snow. This led to an identification of specific research 
needs. These were listed in the Applications Working Group 
Report os: 


Geology 

T! Establish the dependence of rodar backscatfer on 
surface roughness and dielectric properties of natural bare 
and vegetated terrains with special emphasis on optimum 
wavelength, polarizations, and incident angle for effective 
measurements. 

2. Establish the utility of stereoscopic radar images as 
aids to geologic interpretation and measurement of vertical 
relief. 

3. Determine the value of repetitive (seasonal) synoptic 
coverage for geologic applications. 

4. Document the potential of orbital image data for 
environmental monitoring, e.g., oil seeps and spills. 


Agriculture 

1. Establish the sensitivity of radar bock scatter to 
complex vegetation canopies with special attention to the 
following crops: com, sorghum, soybeans, wheat, cotton, 
sunflowers, and rice; and the following radar parameters: 
wavelength, polarization, resolution, and I n cid ent angle. 

2. Establish the value of radar Image dato as an 
additional spectral channel to Landsat for Improved crap 
discrimination in a variety of environments. 

3. Establish the effect on radar backseatter of soil 
moisture variations in o variety of environments. 

4. Define the required rodar image character (sties for 
effective vegetation-related measurements, with special 
attention to resolution, calibration accuracy, registration, 
speckle effects, and dynamic range. 

5. Document the potential of 'otktr sensor measure- 
ments of timber species, timber volume, and tree vigor as 
affected by disease and insect infestation. 

6- Determine the capability of rodar sensing as an aid to 
determining rangeland productivity and trends. 

Land Cover 

1. Document the potential of rodar image data used 
independently and/or in conjunction with visible/infrared 
image data for improving urban area boundary delineation 
and urban land cover classification accuracy in both manual 
and automatic mapping and thematic classification. Include 
an analysis of radar parameters such as resolution, azimu- 
thal look direction, wavelength, polarization, and incident 
angle. 

2. Establish the value of radar/Landsat composite data 
for improved land cover/lond resources mapping with em- 
phasis on multifrequency, multipolarization rodar data. 


ilities of radar sensors to accu- 
rately measure the types, velocities, strains, and strain rates 
of floating ice, with special emphasis on the marginal ice 
zone of the Arctic ice pock. 

2. Establish the sensitivity of radar backscatfer to 
snowpock characteristics, especially wetness, and to under- 
lying surface conditions. Include analyses of the effect of 
wavelengths, polarization, ood incident angle. 

3. Determine the capability of rodar sensor data to 
assist in the development of hydrologic models at varying 
levels of spatial resolution with special emphasis on the 
measurement of soil wetness. 

The primary objectives of the ERSAR Program Defini- 
tion Workshop were to review and confirm these research 
needs; formulate a research program to satisfy these 
research needs; and define the technology issues which must 
be addressed to support the recommended research program. 

This Working Group recognized that the understanding of 
the measurement capabilities of radar sensors was markedly 
different for different applications. For example, whereas 
there exists cn enormous background of information on the 
use of radar image data for geologic mapping, there has 
been virtually no research done in the area of rangeland 
mapping. The quantify and quality of information ovoiluble 
in other application areas is highly variable. This situation 
required the Group to formulate research tasks which varied 
from exploratory, e.g., forest mopping, to verification 
testing, e.g., sea ice mapping , 

In the design of eoch research task, the Group attempted 
to build on the existing base of empirical end/or theoretical 
knowledge. However, it is clear, as was stated by the 
Applications Working Group, that in general, the quantita- 
tive understanding of the information content in active 
microwave sensor data is lacking. This is especially evident 
when attempting to justify specific operating wavelengths, 
polarizations, and incident angles. This is due to the fact 
that very little research in this topic area hos been 
sponsored ckiring the last decode. 

The research program recommended by the Program 
Definition Working Group includes concise statements of 


Water, Ice, ond Snow 
I. Document the cac 
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objectives in each application area, the specific approach to 
be taken in each task, and an estimate of the level of effort 
(man-years) required to complete the task. 

As noted, each research task is unique to the application 
of concern and the level of understanding which presently 
exists in that area. However, the general structure of the 
overall program includes three basic elements: 

1. Modeling of radar signal responses to specific scenes 
or scene components, using empirical ond/or theoretical 
t *chniques. 

2. Verification of the models for an adequate range of 
scene (spatial) variables and radar system parameters. 

3. Testing of the indicated measurement capabilities of 
rodar sensors in realistic environments, by potential users of 
these data. 

These elements encompass experimental activities which 
progress from basic measurements, such as provided by 
ground-based sensors or simple aircraft sensors, e.g. s cot- 
ter ometers, to area-extensive measurements with airborne 
imaging radar sensors, and finally to spoceborne SAR 
systems, such os SIR-A. However, the Group expressed 
some concern about the ability of airborne imoging radar 


sensors to provide the quality of data required to meet the 
research needs. The Agriculture Panel in particular, noted 
that: 

"Many characteristics of the aircraft SAR data are not 
representative of spacecraft data. The relatively large 
range of incident angles and the relative instability of the 
aircraft platform introduce distortions into the data sets 
which would not be present in spacecraft data. This was the 
experience with visible/infrared aircraft data. With the 
launch of ERTS (Landsat), a significant breakthrough was 
possible in the analysis of remote sensing data because the 
extremely difficult and intractible problems of aircraft 
scanner data disappeared at spacecraft altitudes. The panel 
feels that this experience will be repeated, ond perhaps be 
even more difficult with airborne SAR data. While much 
can be learned with the aircraft platform, these data have 
ultimate, inherent limitations that can only be overcome 
through the use of well controlled experimental investiga- 
tions from spacecraft." 

The research program defined in this report is responsive 
to the needs identified by the Applications Working Group. 
It is a significantly larger effort in active microwave remote 
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tensing research than has ever been previously supported by 
NASA. It will require a major long-term commitment of 
resources, and most importantly. It will require attentive 
coordination by NASA and a solid interface with other 
federal agencies and with the scientific community. 

The Technology Panel reviewed the recommended re- 
search program relative to the present situation in sensor 
hardware and technological readiness. It was Immediately 
obvious to the panel that the inventory of sensors and data 
handling systems in NASA was presently inadequate to carry 
out the majority of tha specified research tasks. This means 
that the first priority of the overall program must be to 
upgrade existing sensor systems and expand NASA's capa- 
bility to acquire and process useful data. The panel defined 
a program to accomplish the relavent objectives. The panel 
also identified high priority technology issues that must be 
addressed early in the program. Foremost among these are 
calibration techniques. 


PANEL REPORTS 

The reports of the five panels are essentially reformat- 
ted versions of the original materia) pr epared during the 
three-day workshop In Pasadena, California This material 
was reviewed and refined by a team of representatives from 
eoch panel during a working session in Houston, Texas, 
February 9-10, I960. A copy of the final draft was 

distributed to all panel members for approval prior to 
release of this document. 

The panel reports are organized to first provide o 
summary of the research needs. This is followed by a 
discussion of the approach recommended by the panel to 
design a research program to provide the desired informa- 
tion. The tasks which should be undertaken in this research 
program are then described with an indication of the level of 
effort required. Finally, expected results and/or tha 
improvement in the state-of-k now ledge anticipated from the 
recommended research program are identified. 


Table I, PROGRAM DEFINITION WORKING GROUP PARTICIPANTS 
AGRICULTURE PANEL TECHNOLOGY PANEL 


Forrest G. Hall, Choirmon 

NASA/ Johnson Space Center 
Andrew Blonchord 

Texas A & M University 
Richard Gilbert 

USD A/Soil Conservation Service 
Ray Jockson 

USD A/ Agriculture Service 
Vic Myers 

South Dakota State University 
Jack Paris 

NAS A/ Johnson Spoce Center 
Leroy Silva 

Purdue University 
David Simoneft 

University of Californio-Santa Bor boro 
Fowwoz T. Ulaby 

University of Kansas 


GEOLOGY PANEL 

Stephen Saunders, Chairman 
Jet Propulsion Laboratory 
Walter E. Brown, Jr. 

Jet Propulsion Laboratory 
Charles Elochi 

Jet Propulsion Laboratory 
John Ford 

Jet Propulsion Laboratory 
Paul Harrison 

Cities Service Corporation 
Phil Jockson 

Environmental Research Institute of Michigan 
Floyd Sabins 

Chevron Oil Field Research Co. 

Horry E. Stewart 

Jet Propulsion Laboratory 


LAND COVER PANEL 

Floyd Henderson, Chairman 
State University of New York 
M, Leonard Bryon 

Jet Propulsion Laboratory 
Nevin A. Bryant 

Jet Propulsion Laboratory 
Jerrdd Christenson 

Environmental 5ysfems Research Institute 
John Jensen 

University of Georgia 
Chih-Tseng Wu 

NASA/Nationol Spoce Technology Laboratory 


Frank T. Baroth, Chairman 
Jet Propulsion Laboratory 
Richard Fenner 

NASA/ Johnson Space Center 
Lee Graham 

Goodyear Aerospace Corporation 
Dan Held 

Jet Propulsion Laboratory 
Randall Jean 

Texas A & M University 
Rolando Jordan 

Jet Propulsion Laboratory 
Kumar Krishen 

NASA/ Johnson Space Center 
Stanley Marder 

Environmental Research Institute of Michigan 
William McFarland 

University of Missouri-Columbia 
James Shiue 

NASA/Goddard Space Flight Center 
Len Tyler 

Stanford University 
Charlie Wu 

Jet Propulsion Laboratory 


WATER. ICE, AND SNOW PANEL 

Albert Rango, Chairman 

NASA/Goddard Space Flight Center 
Poul Bock 

University of Connecticut 
Frank Carsey 

NASA/Goddard Space Flight Center 
Ted Engmon 

United Stof es Deportment of Agriculture 
Donald Moore 

South Dakota Stote University 
Richard Newton 

Texas A & M University 
Wilford Weeks 

U.S. Army CRREL 
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GEOLOGY 


RESEARCH NEEDS 

The ERSAR Applications Working Group examined the 
current state- of- knowledge in the application of SAR to 
research in geology. The conclusions of that panel were; 

1. The Geological user community currently understands 
how to use SAR in a qualitative way to supplement geologic 
mapping. The current need for this purpose is a uniform 
SAR data base similar to that of Landsat. 

2. Research is most needed to relate rodar system vari- 
ables to properties of the land surfoce to allow quantitative 
geologic assessment of surfoce cover and topography. 

3. Effort needs to be expended in the area of education 
and training, and data archiving and distribution. 

The Geology Panel of the Program Definition Working 
Group reviewed these recommendations and defined the pro- 
grammatic requirements appropriate to address the research 
needs in this area. 

There is an existing body of literature that supports the 
assertion that geologists are currently using SAR data to 
supplement other data types (Bryan, M. L., 1979, Bibliogra- 
phy of Geologic Studies Using Imaging Radar, JPL Publica- 
tion 79-53, JPL, Pasadena, CA). Some gaps exist in the 
understanding of the uniqueness of SAR data for particular 
applications, the limitations of SAR data, and in the 
comparison of information derived from SAR data with 
information available from other sources such os Landsat, 
other remote sensors, and field mapping. These gaps can be 
filled by the research tasks outlined in this section. 

The major need at present for exploration is o uniform 
SAR data base, with brood coverage, which could be 
immediately used in conjunction with other data sets and 
applied to geologic studies by industry, NASA, and the 
university community. For this purpose, the major 
contribution of SAR is that it provides additional surfoce 
topographic information and an indication of variations in 
surface roughness and electrical properties which can be 
related to geologic materials. Research is needed primarily 
to better define functional requirements of a useful synoptic 
data set; to further document the potential of SAR as an 
important supplementary data set; ond to improve 
interpretation techniques, in particular to minimize 
confusion factors. 

In order to be in a position to establish an effective pro- 
gram to furtlier analyze the potential of SAR images for 
Earth Resources research, NASA must assess the availability 
ond state of documentation of rudar image data from 
aircraft (Goodyear, Motorola, Westinghouse, ERIM, JSC, 
JPL) ond spacecraft (Seasat and SIR-A). Investigators 
should be ct>le to obtain a listing of images of their field 
area, information about the data (date, system, depression 
ongle, etc.), and how to obtain these data. 

The goal should be to reach the point where the decision 
can be made as to the necessity ond detailed nature of a 
program to acquire a global synoptic regional SAR data 
set. At this time, the optimum system parameters cannot 
he specified in detail. However, the functional requirements 
for a qlobal data base con he stated. These ore: 

1. Extensive land coverage, including synoptic coverage 
of a wide variety of geomorphic provinces. 

2 . The viewing geometry should be uniform for a iirajor 
part of the coverage. The viewing angle effects in SAR data 
are terrain dependent. These effects need furtlier study. 

3. Spatiol resolution equivalent to the Tliematic Mapper, 
both spatial and grey-level discrimination. The definition of 
SAR imoge qualify in terms of these parameters needs 
further study. 

4. Digital format consistent with Landsat, i.e., regis- 
tration of qround-ranqe imoge. 

5. Depression mqle small enough to avoid lovover. The 
optimum cnxjles cannot be specified of this time. 

6. Geometric fidelity for cartographic and radar gram- 


metric purposes. These requirements require further study 
and definition. 

7. Swath width at least 50 km. 

8. SAR wavelength appropriate to application. 
Optimum wavelengths are yet to be determined. 

Several of the dbove items are addressed in the recom- 
mended research program. The panel ogrees that a synoptic 
data set at X-band would be useful, but there is no dem- 
onstrated basis at present, beyond considerable experience 
with high quality X-band image data, to assert that any fre- 
quency is optimum for geology applications. Much of the L- 
band imogery (Seasat, JPL) Is not comparable in quality with 
X-band data, e.g., Goodyear or ERIM X-band images. To 
resolve this uncertainty will require further research. 

Additionally, no recommendation can be mode at this 
time as to whether a future mission to acquire a global data 
set requires a free-flyer or can be accomplished with several 
Shuttle flights, The desired data set should be obtained In 
the most expedient mission configuration. 

An additional concern which should be given high priority 
is training in SAR image interpretation. Geologists trained 
in conventional oir photo interpretation can extract most of 
the information in a SAR imoge, but they can extract more 
information with training that addresses the differences 
between SAR imoges and conventional air photos. In 
addition, effort must be given to the problem of archiving 
and distribution of existing SAR data, and a plan should be 
developed for handling future data. 

In summary, this panel agrees with the research thrust 
recommendations of the ERSAR Applications Working 
Group, and suggests that the three priorities ore coordinate 
items, specifically! 

1. If a systematic, uniform SAR data base were 
available, if could be immediately used in conjunction with 
other commonly used sensor data. However, further 
documentation of applications needs to be done to 
demonstrate the utility of SAR in comparative studies 
using other dota. 

2. There is o need to continue quantitative work on 
electromognetic/surfoce interactions over o range of 
geologically interesting targets. 

3. There is a need to increase training, and data ar- 
chiving ond distribution. 

Geology research will require data from existing and 
planned support efforts, including SIR-A data, Seasat data, 
ground-based (truck and helicopter) measurements, ond more 
data from existing aircraft systems, along with improvement 
of their data quality. 

The programmotic goal is to understand the potential of 
rodar for geologic applications. The geology community will 
continue to use SAR data in ways that ore currently 
understood, and to improve interpretive techniques in 
specific ways such as in development of computer methods 
for comparing other data types with SAR. The principal 
objective is to produce better geologic maps as a basis for a 
wide range of investigations and decisions. It must be 
recognized that SAR will be only one of many data types 
used. 

APPROACH 

Geologic information is extiocted from rodar imoges by 
either of two methods: empirical correlation between form 
ond texture in a rodar imoge and a hypothetical geological 
model (A in Figure 2); or by deriving landscape information 
from the rodar imoge (B), followed by geologic inference 
from features in the landscape (C). 

The analysis of lineaments is an example of the first 
method. Lineaments in a rodar image are successfully used 
to corroborate rrxl extend o structural interpretation, but 
little attention is given to definition of the landscape 
elements comprising the lineament. The empirical 
correlation (A) has proven extremely successful for 
geologists. For maiv applications, the method can be 
considered operational. It is likely that many of the future 
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applications in radar geology will come through further 
development of this method. Therefore, Task I of the radar 
geology program is to place good quality radar data in the 
hands of users who ore working on geologic problems th it 
are likely to be amenable to radar methods. 

The weakness in the first method (A) is that the interpre- 
tation skips development of an understanding of the precise 
landscape elements detectable in the rodar data. Without 
identifying these landscape elements, there has been little 
incentive to develop an understanding of the radar back- 
scatter that permits specification of optimum radar system 
parameters. Furthermore, without concern for the charac- 
teristics of the rodar backscatter, the costs of acquiring ra- 
dar data having high geometric and radiometric fidelity has 
not been justifiable. High quality data ore required for in- 
formation extraction techniques employing multiple data 
sets. Consequently, the geological analysis of rodar data 
does not yet incorporate the advanced processing techniques 
now common in the analysis of Londsot dato. 

The olternotive to the empirical correlation is the land- 
scape analysis (B) followed by geological inference <C). This 
requires that the bockscatter characteristics of elements in 
a radar scene be understood. A product of this attention to 
bockscatter characteristics is the possibility of specifying 
desired radar performance, machine merging, and processing 
of multiple data sets. Task 2 of this plan is to develop ad- 
equate backscatter models for various terrain types, to de- 
velop landscape analysis techniques based upon processing 
multiple data sets, and to specify optimum rodar system 
parameters. 

The type and morphology of surface rock and soil, the 
distribution of soil moisture, and the distribution and vigor 
of plant species are each influenced by underlying geology. 
Therefore, the characteristics of these surfaces are poten- 
tial sources of geologic information. To the intent that 
these characteristics are derivable from rod or data, the 
rodar data become a potential source of geoloqie 
information. This pl<n entails developing scattering models 
for three distinct terrains: bare rock and soil, grassland, and 
forest. 


The second method of extracting geologic information 
from radar dato yields l a nd s cape Information from which 
geologic inference (C) is possible. Many of these geological 
inferences are demonstrably sound. For example, 
topography is a proven indicator of geologic structure. 
However, some l andsc ape Information believed derivable 
from radar data is not as readily rotatable to underlying 
geology. For example, soil moisture anomalies sometimes 
appear to be a product of the geology, and tome shifts in the 
species distribution in forested terrain correlate with 
underlying soil and rock types. The geologists have not hod 
occess to regional, detailed maps of soil moisture, nor to 
maps of forest species distributions, and, consequently, 
interpretive techniques based upon such data do not exist. 
Rodar methods will provide new types of landscape 
information for geologic interpretation. Task 3 of this plan 
is to develop interpretive methods for these new information 
sets. 

TASKS 

The objective of this program is to gain o clear 
understanding of the potential of radar dato for geologic 
applications. The specific objectives of the three tasks 
recommended are: 

1. To document empirical correlations between radio- 
metric patterns in radar data and geologic information with 
the specific objectives of expanding the set of known appli- 
cations of radar in geology, and developing the user commun- 
ity. 

2. To determine interactions of octive microwave radi- 
ation with topography and surface cover. 

3. To develop correlations between topographic and sur- 
face cover characteristics detected by radar systems, and 
geological information. 

TASK I: Empirical Correlations 

The programmatic approach to be followed includes: 

1. Identifying user/investigators who have existing field 
programs that would benefit from radar data, and who would 
be willing to provide a test of rodar applications to geology. 

2. Providing the user/investigotors with desired data in 
standardized formats and accuracies. 

3. Having the user document the results of field in- 
vestigations with radar data. 

This will require the following specific actions: 

1. Identify and document all available aircraft and 
spacecraft imagery (including Seasat and SIR-A) ond estab- 
lish a distribution system to appropriately format and dis- 
seminate imoge data. 

2. Establish criteria for user group field study data 
bases and initiate investigations to determine the suitability 
of existing or plained SIR data for the field area under 
study. 

3. Select user group study areas on a continuing basis 
with some attention paid to assuring that a wide variety of 
geologic problems ore addressed. 

Successful completion of this task will mean that for the 
first time the researcher will have available all existing SAR 
dato, documented and cataloged. The selected investigators 
will document geologic applications of SAR images, and 
provide a base of SAR related field studies to guide the 
technical approach to Task 3. The results will also guide the 
selection of landscape features that will be studied under 
Task 2. A final report consisting of oil research popers 
derived from the studies will be compiled. It is expected 
that many of the investigators in this phase of the progrom 
will conduct investigations under Tosk 3. 

TASK 2: Electromoqnetic/Surfoce Interactions 

The objectives of this task are to: 

1. Systematically develop an understanding of radar 
bockscatter. 

2. Examine the effect of topography on radar bockscat- 
ter. 
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3. Combine radar bockscatter data with other data de- 
rived from Landsat, digital topography, etc., to develop in- 
terpretive techniques far separating the effects of 
topography and surface cover. 

4. Specify radar system parameters necessary for 
optimum discrimination between different surfoce cover 
situations, for discrimination of topography and of texture. 

The work must encompass differ err major surfoce cover 
situations, e.g., rock and soil (usually less that 30% vegeta- 
tion), grass and soil (usually greater that 30% vegetation, 
but locking canopy), and forested terrain (usually greater 
than 30% vegetation, but having a canopy). 

Ths understanding of radar bockscatter from bare rock 
and soil, from grasslands, and from forests will be achieved 
through the development of adequate theoretical models, 
and through testing and verification of these models in the 
laboratory and In the field. The functional dependence of 
radar bockscatter upon the physical characteristics of most 
natural surfaces is sufficiently complex that exact 
theoretical solutions we not practical. However, empirical 
correlations without corroborative theory are often 
ambiguous or even misleading. Both difficulties can be 
abided by combining the development and testing of 
appropriately simplified theoretical models with the vali- 
dation of these models through field observations. The 
product of this activity should be practical theoretical radar 
bockscatter models that ore specific enough to be useful. 

The recommended approoch involves two major steps: 

1. Establish three science teams to ocquire and analyze 

data. The teams will primarily examine one of the three 
major terrain types: bare rock and soil, grasslands, ond 

forests. Each term will design a three year program 
containing the following elements: 

a. Survey existing data and theory pertaining to their 
terrain of interest. 

b. Describe terrain types to be studied in field. 

c. Define requirements for a system to ocquire field 
data ot the test sites. 

d. Acquire data and develop appropriate models. 

e. Design tests of models for adequacy in interpre- 
ting multi -parameter radar dato derived from airborne or 
Shuttle radar observations. 

f. Apply models with objective of determining 
potential of SAR for deriving quantitative landscape 
information. This might involve direct extraction of 
information or developing a comprehensive set of solutions 
for a set of londscopes, i.e., computer model simulations, in 
order to interpret images of these areas. 

g. Evaluate the combination of radar data and 
Landsat, topographic, or other dato to search for techniques 
that allow maximum geologic information extraction. For 
exomple, using experimental or theoretical models, 
topographic effects can be separated from ground cover 
effects. 

h. On the basis of the research program, specify sets 
of radar system parameters including resolution, 
wavelength, potorization, depression angle, look direction, 
ond imoge quality (resolution and grey levels) that are 
required for specific geologic research applications. 

2. Programmatically evaluate the results of the 
research to arrive at a decision on whether to proceed with 
a dedicated spoceborne SAR program. 

Existing field scatterometers will be required to conduct 
field experiments to establish the relations among the sur- 
face parameters (scattering properties and electrical 
properties) ond radiometric variables (frequency, 
potorization, incident angle). Truck and aircraft mounted 
systems are needed to gain access to oil terrain types and to 
exomine the spatial variability within single types. 
Laboratory measurements of electrical properties and 
scattering properties are needed to check and cyride the 
development of theoretical models. Rased on results of field 
scot terometer experiments, existing o ; ; borne SAR imaging 
systems with frequencies aporooriate to the particular 
experiment will be flown. Calibrated images will be needed. 


A capability to perform digital image processing is n eed ed 
to quantitatively compare SAR images with L ,,dsat and to 
model topographic effects. 

Research projects under Task 2 will provide validated 
scattering models for three c ha racteristic terrains: bant 
rock and soil, grasslands, and forest. These scattering 
models will Incor p orate the effects of both ground c over and 
topography. Radar system parameters will be identified 
that provide optimum discrimination among geologically 
relevant landscape features. Methods will be developed for 
extracting geologically relevant landscape information from 
multiple data sets. 

This octivity will allow the specification of geologically 
relevant radar data, and the objective extraction of land- 
scape information from these rador data. 

TASK 3: Toooarqphic ond Surfoce Cover Characteristics 

The objectives of this task are to (I) identify topographic 
and surfoce cover characteristics that ran be uniquely 
detected by rodar, or by using a combination of radar and 
other electromagnetic data, for example, sail moisture 
patterns or vegetation patterns that are reloted to the 
underlying geology, to define the uniqueness and ubiquity of 
these particular correlations, ond (2) define the rador system 
parameters necessary for their detection. 

The recommended approach follows these steps: 

1. Select a committee of geologists who are representa- 
tive of the research community ond hove them identify test 
sites in different physiographic environments where ground 
information con be readily acquired. 

2. Initiate research using radar technology defined in 
Task 2, and the test sites defined by Step I above. 

1 Select an investigation team from the proposed re- 
search studies of the test sites. 

4. Have the investigation team evaluate significant 
changes in londsccpe cover coused by seasonality, and 
determine the repetitive cc'vroge requirements for each 
test site. 

5. Using the repetitive coverage requirements for eoch 
test site, the investigations team should determine the oir- 
borne rodar and ground data required for analysis of each 
test site in the light of technology defined by achievements 
of Task 2. 

6. Repetitive airborne rodar data and ground data will 
be acquired simultaneously over the test sites and over other 
areas having physiographic environments both similar and 
different than the test sites. 

a. Airborne rodar data will be acquired using 
standardized radar systems, i.e., systems which are 
calibrated, which use the same polarizations, frequencies, 
and imaging geometries with respect to the Earth's surface. 
The characteristics of these systems will be defined by Task 
2 . 

b. Ground data will be acquired within the test sites 
defined by the original investigation team using ground 
instrumentation defined by Task 2. 

7. After the airborne radar ond ground dato ore 
acquired, process and archive data in the stai dardized 
formats which preserve the calibration, 

8. Announce to the user community the availability of 
the airborne radar dato ond ground data, and provide funds 
for analysis and interpretation of these data. 

9. Review applications and research oriented proposals. 

10. Select investigators (Note: The investigator 

community would hove been developed through Task I.) 

11. Review the results of the applications research with 
standardized calibrated radar date 

12. Define the unique applications of rodar data for the 
development of geological information. 

1 3. Evaluate the requirements . the geological commun- 
ity for rodar data. 

14. Make recommendations for the development of an 
operational spoceborne rodar data collection system if ap- 
propriate. 
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Successful completion of this task will develop an under* 
standing of the types of geological information which con be 
extracted from analysis of radar data. This will allow the 
potential of radar data for geologic applications to be 
assessed in terms of the needs of the user community for 
such data. 

EXPECTED RESULTS 

With the completion of these tasks, the set of 
documented, successful applications of rod or in geology will 
hove grown significantly, ond the community of geologists 
fomiliar with radar data and their use will be 
commensurably longer. The understanding of rodor 
backseat ter from natural terrain will hove progressed to the 
point that optimum radar parameters for various geological 
studies can be defined, ond application demonstrations using 
aircraft or the SIR focility can be planned. Objective 
procedures will hove been demonstrated for combining radar 
data with other data sets, and for extracting landscape 
information from these combined data sets. Various types 
of radar derived landscape information will have been used 
to infer geologic information and the guolity of these 
inferences will have been checked, ond the potential of 
radar for geologic applications will be known. 

AGRICULTURE 

This section describes a five-yeor program of basic and 
applied research, development, end applications systems 
evaluation of re mete sensing for agricultural information 
needs. 

The overall goals of the program are to assess e extent 
to which active microwave data can be used independently 
or in combination with visible and infrared data, as an 
integral port of existing or future agricultural information 
systems, to improve the objectivity, reliability, timeliness, 
and adequacy of the information required by the agricultural 
community. This kne w I edge will provide a base on which to 
design future ogriculture remote sensing applications sys- 
tems. 

The cpprooch is comprised of a balanced program of 
remote sensing reseorch, development, and testing which 
oddresses agricultural resource management os well as 
commodity information needs. Information needs in crop 
land, forest land, rangeland, and soils applications are 
addressed with essentially parallel reseorch efforts in 
scene/rodiation choroc ter i ration, large -area efforts in al- 
gorithm verification, pattern recognition and analysis (in- 
formation extraction), ond data preprocessing and proces- 
sing. 

INFORMATION NEEDS 

The Agriculture Panel of the ERSAR Applications Work- 
ing Group defined a broad group of information needs within 
crop lands, forest lands, rangelands, and soils applications. 
That panel also ranked each information need in terms of its 
importance; defined the role of visible/infrared data and 
synthetic aperture rodar (SAR) data as primary or comple- 
mentary} estimated the "frequency of sample" required; 
estimated the research effort required; ond estimated the 
potential for success. That panel developed o table (Table 5, 
p. 12, ERSAR Applications Workshop Report) displaying 
these parameters. 

The current Agriculture Panel of the ERSAR Program 
Definition Working Group reviewed the prioritization ond 
estimates mode by the Applications Working Group, revised 
them, and produced the information shown in Table 2. Each 
application element was prioritized based on the relative 
importance of rodar with respect to visible/infrored sensors 
to satisfy the information needs; the estimated potential for 
successfully satisfying the information need by oddirv; radar 
as o data source; the status of rodor technology, i.e., the 
state -of- knowledge relative to satisfying the information 


need; and the economic importance of the application. 

These evaluations resulted in the list of ogriculture 
application information needs shown in Table 3. Such a 
ranking selects application needs which are of highest 
economic importance and have the highest payoff potential 
for the use of rodor. After considering these relative 
rankings, the panel selected o further categorization of 
these needs Into Category I needs and Category II needs. 
The agricultural rodar program definition herein is designed 
specifically to address only the Category I needs, however, 
the research program defined will have impact on Category 
II needs. 

For the highest priority applications area, crop produc- 
tivity estimation, a paradigm Is shown in Figure 3. 

Beginning with planting at the start of the season, 
acreage information is the most important parameter for an 
estimate of crop production at harvest. Acreoge remains 
primary until o month or so prior to harvest when yield 
becomes primary as the crop nears the completion of its 
process and yield becomes much more predictable. Early in 
the season, rodar data can be a key input to crop 
identification and area estimation, especially when obscur- 
ing cloud cover prevents vitible/lnfrared data acquisition. 
At this time, radar data estimates of pre-growing season soil 
moisture are also crucial in yield forecasts, assessment of 
plotting conditions, and initiation of the crop development 
stage models. Crop development stage estimates are key to 
both the crop identification octivity and yield estimation. 
As the season progresses, rodar information could continue 
to Improve the accuracy of crop identification by filling 
gaps left by cloud cover and by adding information discrim- 
ination power when visible/infrared data are available. In 
very cloudy environments radar will perforce be the primary 
agricultural sensor. 

Radar dato may also provide key parameters to yield 
production. Rodar data tend to be sensitive to both canopy 
water content, which is a measure of plant vigor and 
condition, as well as to soil moisture, a potential key input 
to yield. 

The information categories: crop area, crop yield, crop 
condition, and crop stage development, we all vital inputs to 
an information category of major economic importance, i.e., 
crop production. Radar dato appew to have great potential 
for increasing the timeliness and accuracy with which all 
these information needs can be satisfied. 

Augmentation of the Landsat-type technology by SAR is 
considered attractive from several aspects. 

1. SAR data have greatly decreased sensitivity to 
atmospheric effects including clouds, which obstruct vis- 
ible/infrared sensors. 

2. SAR data hove high spatial resolution potential. 

3. Microwave interaction with crop conopies and soils 
may be unique and/or complementary to visible/infrored 
interactions. 

The other major attributes of SAR image data of 
particular value to agricultural applications we: 

1. Timeliness (weather independent system). 

2. Penetration capabilities. 

3. Response to electrical and geometric properties of 
the twget, 

4. Potential fw higher data sampling frequency. 

The penetration of cloud cover enables imaging at most 
times, in contrast to the cloud-restricted imoging of 
Londsat. In monitoring of growing vegetation, several 
tempwal and spatial limitations ore imposed by Londsat 
imagery. Clouds can often prevent sequential imoging of a 
specific area, ax! con also restrict the spatial extent 
displayed in Londsat imoging. These restrictions we mostly 
eliminated with imoging rodar. The continually changing 
conditions of oil vegetation require timely observation to 
properly plan at both national and local levels. Severe 
economic consequences can occ ir because of improper 
planning based on incomplete data. In addition, the cloud- 
penet rating radar can be used to obtain images of regions 
which ore perpetually cloud-covered, such a the Amazon 
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Table 2. Active Microwave Sensor Potential and General Status for 
Agricultural Applications 

Sensor Research 

Application tola Ktvltlt Report Effort Success 

Talk VIR SAR Interval Freq. Required Rotential Statui Priority Comments 


IMPROVED CROP PRODUCTION PREDICTION IN TEMPERATE REGIONS 


Temperate 









*VIR prime in clear 

A. Acreage 

P/C» 

C/P* 

10 days 

monthly 

H 

H 

BE 

1 

vaather- -radar in 
cloudy conditions 

B. Yield 

Information 

P/C 

P/C 

10 day* 

monthly 

VH 

M 

PS 

1 

VIR responds to canopy 
geometry, chlorophyll 
content and, to a leaser 

C. Crop 

Condition 

P/C 

P/C 

10 daya 

monthly 

H 

M/H 

PS/PT 

1 

degree, vater content. 
SAR responds to canopy 
geometry and water con- 

D. Crop P/C 

Stage 

IMPROVED CROP PRODUCTION 

P/C 10 days 

IN TROPJCAl regions 

monthly 

II 

M/H 

PS/PT 

1 

tent. The combination 
can provide better clari- 
fication accuracy than 
either alone. 

A. Acreage 

B. Yield 

c 

p 

10 days 

monthly 

VH 

M/H 

PT 

1 

The cloud cover problem 
in tropical environment! 

Information 

c 

p 

10 daya 

monthly 

VH 

M/H 

PT 

1 

places radar in a primary 
indispensable role. 

C. Crop 

c 

p 

10 daya 

monthly 

VH 

M/H 

PT 

1 


Condition 

D. Stage 

c 

p 

10 daya 

monthly 

VH 

M/H 

PT 

1 


SOU RESOURCE 

A. Soil Maps 

B. Crop Growth 

P 

C 

3 months 
Seasonal 

10 years 

H 

l 

IE 

1 

Backscatter sensitivity 
to toil type is over 
ahadowed h> sensitivity 
to other science para- 
meters. 

Potential ■ 

1. Salinity 

c 

p 

3-.' samples* 

annual 

H 

M/ll 

PS/PT 

2 

-See soil moisture 

comments 

2. Soil 

p 

c 

3 months 

S years 

H 

l/M 

IE 

3 


3. Soil 

Moisture 

c 

p 

3 days 

monthly 

H 

M 

SE* 

1 

•Strong evidence *het 
radar is sensitive 
to soil moisture larpe 
scale test 'eded to 
demonstrate imp.ovements 
in yield prediction. 

C. Soil and 

Water 

P/C 

P/C 

3 months/ 
Seasonal 

3 years 

M 

M 

SE 

3 

Really a land use 
activity. 

Conserve? ion 
Pract ices 

FOREST RESOURCE ASSESSMENT IN 

TEMPERATE REGIONS 






A. Extent 

P/C 

P/C 

3 months/ 

seasons ! 

3 years 

M 

M 

SE 

1 

See Note 1 

B. Condition 

P/C 

P/C 

3 months/ 
seasonal 

3 years 

H 

l/M 

UT/PT 

1 

See Note 2 

C. Forest 
Resource 

P/C 

P/C 

3 months/ 

seasonal 

3 years 

M 

M 

UT/PT 

2 

See Note 3 

Map j 

D. Changes in 
forest 

P/C 

P/C 

3 months/ 
seasonal 

annual 

M/H 

M/H 

SE 

1 

See Note * 

Resource 

Base 

E. Insects U 
Disease 

P/C 

C/P 

bi - weell y 

as 

necessary 

H 

L/H 

IE 

1 

See Note 3 

F. Fuel 

Cond 1 1 ton 

P/C 

P/C 

3 days 

as 

necessary 

H 

M 

IE 

2 

See Note 6 

G. Wetlands 6 

p 

c 

3 months / 

l vears 

L 

M/H 

SE/PS 

i 

See Note 7 


KelateJ seasonal 

h i 1 J 1 1 f e 

Habitat 
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Table 2 . (continued) 


Sensor 


NOTT : 


Application 

Task 

Role 

VIR SAR 

Revisit 

Interval 

TR0PICA1. FOREST ASSESSMENT 


A. Mapping 
of Areal 
Extent 

C 

p 

3 months/ 

seasonal 

B. Major 
Type ID 

C 

p 

J months/ 
seasonal 

C. Deforestation 
Rates 

C 

p 

3 months/ 
seasonal 

RANGELANDS 




A. Vegetation 
Mapping 

P/C 

P/C 

3 mouths/ 
seasonal 

B. Productivity 
Assessment 
onditions 
5 Trend 

P/C 

P/C 

3 years/ 
seasonal 

1. Monitoring 
Intensive 
Grazing 
Systems 

p 

c 


D. Monitoring 
Changes in 
Wildlife 
Habitat 

p 

c 

3 months/ 
seasonal 

t! • High 
M • Medium 
l * Lov 

p ■ 

c • 
1 - 

Primary 
Complementary 
Highest Priority 


Research 

Report Effort Success 

Freq. Required Potential Status Priority 


Concents 


5 years 

M 

M 

SE/PS 

1 

See Note 1 

3 years 

M 

H 

PS 

1 

See Note 9 

2 years 

H 

H 

PS/PT 

1 

Map once ever 2 years 
See Note 10 

5 years* 

H 

M/H 

PS/PT 

1 

*Map only once 
in 3 years 

2-4 weeks 

H 

M 

PT 

1 

2 weeks early 
early season; 
monthly thereafter 

3 years 

H 

H 


3 


annual 

H 

H 

IE 

3 



IE ■ insufficient evidence 

SE - strong evidence of capability 

PC * proven capability 

PS ■ potential suggested by experiment 

PT - potential suggested by theory 

UT ■ under test 


Note i The separation of forest from near-fortst land is assigned a rating of SE--strong evidence of capability. . . Ling is 

confined to areas of modest relief. For mountainous areas, the intrinsive radar properties of s 1 ope compr ..ion and lay- 
over for slopes facing the radar and shadowing on back-slopes may prove intractable. Research will be ret.!,:* u to deter- 
mine if these effects may in fact be compensated for through use of ascending and descending orbit imaqes. In areas of 
ccr.tio slojses. evidence of radar images ot forest/ now* forest boundaries, e.g., the U.S. , the Amazon Basin, Now Cuinca, and 
I clearly how ' ho b-o::i»l.»r ios are distinguishable from shadow mg/bright illumination where boundaries are orthogonal 

to the '-.urn. ’/.here it is parallel , the problem is more difficult, but ascending and descending space images should be uacd 
to eliminate this problem. For all areas seasonal differences in the forest/background will require four looks at appronate 
tiros of the yvar. 

Note 2 This potential is rated lov to moderate because of two uncertainties: ( 1 ) whether the phenomenon will bj detectable, even if 
of hi.lv at*. 'a extent, and of large contiguous blocks, and ,*) whether pat hy and isolated small areas of low condition can be 
separated Inyr. healthy forest in the presence of speckle, or after removal of the latter in preprocessing. 

Note 1 This jotontial is rated moderate because mapping of forest types depends not only on structure but also species composition. 

While tj in is sensitive to differences in structure, it is not necessarily sensitive to species composition. Topographic 

«•: sects will also confute discrimination. 


N ote 4 Thi • put i-j-.t : a l is rated nigh because once forest type mapping is done with any sensor, change detection and discrimination is 
intrinsically a loss- demanding problem than initial type discrimination. Mountainous areas may prove unsuitable for detec- 
ti."»n ’’f ch.m jr, though ascending and descending orbit images may be adequate to answer the problem. No formal research on 
re; i : ha.; b- cn c.i.ried out , though inspection of radar imagery of different data in areas of low relief suggest the 

cur .«) slity ".ay be ret . 

Note i Th k ■' \ -t*.-!.t ial in rated low to moderate because of two unc ert a inties : [}) whether the phenomenon will be detectable, even 
if » f wii't « xt« rt ar.-i iu largt* re-:.* iqumis blocks; and (2) whi tlu-r patchy, isolated small areas or single trees subject to 
i» ; T. -t -in-.; disease can bo sepal a ted from healthy forest in the pre*i»-nce of speckle, cr after removal of the latter by 
preproci s?:ir.g. in any case multi-date, multi-frequency, nuit ipolar ization radar almost assuredly will be required. 

Note .h: . • *!.. Mial is ■ , nio:.No ! as mov.arate. No research has been carried out and naj need to await actual satellite data. Single 
Jit- .■ .;r»; -■ ro be useful. Experiments with. mult, -date, multi-sensor, mult i -frequency /polarizat ion racar may fc- 

r • .. it- ; t ru- k-b.. d ex; i-r tffents may give preliminary indications cf the possibilities. Genuine experiments wt nd 

1 .. ve i y tn-itly with an cr if t radar. 


• -.ti.ii ■ s v.iti'.J mode rate to high because wetland areas tend to bring into juxtaposition widely differing vegetation. 

1 1 .nv s r.t to which tadar is sensitive, owe majj-.ng of common it ics has been carried out by around and r 
t»u r .ml ci ; ot chan le is ■ nti imsical ly i ler-r, demur. ding j i. blem than initial identification. Kx|h - ireats with 
irccs, pri. ft-rably f more than one wavelength and polar ization v- . he nccocd. 

- - : 1 1 i a 1 i.i €-st.’ated as m-adetate. Whete tree cut t : ng takes : dare ana -rood-sized bites are taken from tr* forest, the 
1 1 5 h; wb :o s-..at vored . 5-1II area, axe invo.ved, of irtegulur shap-e, t he fotential may be low 10 moderate, 
a,'. I'nt i.i 1 is **'asur«’a as moderate because there is no single answer. 


• r.t.ai .a r.i!> v . as high. Single data, single frequency, and single polarization radar has been uslo in Brazil to 
b. iw< r. * ere * t » . Th. xosult was only ot moderate sl- . - The ranking of high is assigned lr anticipa- 

te ip, • r « r*t -g inf. iT.it 1 or. very likely with r=«l? i-date , multi-frequency, and nultipolarization imagery. 

; r« . high. Much clearing of forest land m the tropics is for conversion to cultivated, or rangeland 
/•: ,. * * i.“- event lu-undar ics bo tween forest a..} ru-w forest tend to be clearly distinguishable or. radar imagery even 
t* date, ficqu*'r,cy. and po lax : cat ion . Future lmpioved capability coupled with radar's all-weather sensing will 
t*. having a prime role from Spare for this purpose. 
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TABLE 3. 

AGRICULTURE APPLICATION (^FORMATION NEEDS 

Priority 

Cotopory 

Information need 

1 

1 

Crop Production Information 
(area, yield/ condi t ion/ soil moisture, 
growth development) 

2 

1 

For *>l E.tent Information (extant 
and change in extent) 

3 

1 

Rang* land Production Information 
(vegetation mapping and production 
aueument) 

A 

1 

Soils Information (saline soils 
detection and mapping) 

S 

II 

Forest condition, forest resource 
mapping, rangelands grazing 
monitoring 

( 

II 

Forest insect & disease detection 

7 

II 

Forest Fuel condition 

e 

II 

Wildlife habitat change monitoring 

9 

II 

Soil ercrion 


Basin, South and East Asia, and other wet tropical areas. 

Forest land information needs are driven by the re- 
quirement to determine forest extent and condition. The 
Resources Planning Act (RPA) of 1974 rr.jndotes the U.S, 
Forest Service to determine the extent and condition of the 
forest and rar.geland resources every 10 yews. The 
potential of active microwave image data for forest 
resource assessment is significant. SAR sensors have 
certain capabilities that offer unique advantages for fores- 
try applications as compar ed to other data collection 
systems. These includes 

1. The apparent ability of SAR data to provide differ- 
ences in return that we related to stand density and 
structure offers the potential to more effectively differen- 
tiate among various species and fwest cover types than may 
be possible with MSS data, even from the Thematic Mapper 
(TM). The combination of SAR and TM data would appew to 
offer the greatest promise fw mapping fwest cover types 
and defining density and size classes. 

2. The potential of SAR dato to map and monitw 
defwestation of tropical forest lands is of particular 
importance from two standpoints: SAR can obtain data in 
areas of persistent cloud cover; and differences in stand 
structure such as a fairly recent clear -cut overgrown with 
brush and a full siz« jungle forest canopy, should be apparent 
of SAR, whereas such differences may not be particularly 
evident in the optical portion of the spectrum. Monitoring 
the extent and ate of defwestation of tropical fwests 
should be given high priwity because of these potentially 
unique capabilities of SAR sensors, ond tne importance and 
concern for this application. 

Rangeland needs are similar in nature to the fwestry 
•equirements. The location (wilderness) and extent (Iwge 
areas) make the ability to supply this need difficult. 

The rangeland parameters that should be investigated 
relative to their assessment by SAR sensors ore: 

1. Total canopy cover. 

2. Bare ground and soil moisture content. 

3. Moi'ture content of vegetation. 

4. Some phenological expressions as they relate to 
either plant moisture content or rodar texture based on 
subtle changes in species or vegetation surface geometry. 

5. Vegetation structure w geometry, including height, 
to determine the potential of SAR to use chonges in 
vegetation structure and height within the stand to infer 


specie* composition, w at least the presence or ab se nce of 
certain important species within the stand. 

& Detailed landform depiction may lead to better 
evaluation of landform-soil-vegetation correlations. 

RESEARCH NEEDS 

To define the research needs far establishing the 
capability of radar data in agricultural applications, it is 
extremely impwtant to do so in the context of the overall 
remote sensing problem. This problem can be generally 
described as follows: The application involves an object 

scene, containing a number of classes of interest (defined by 
some taxonomy such as crop type, rode type, etc.). Each 
class of interest is further described by attributes of 
interest such as condition attributes, canopy moisture 
content, maturity, canopy biomass, stags of maturity and so 
on. 

The user of a remote sensing data set is interested in 
identifying these object scene classes and attributes within 
classes. Unfwtunately there is not always, and in most 
cases is not, a stable one-to-one functional relationship 
between spectral classes in the remote sensing image spoce 
w spectral spoce and user information classes and class 
attributes. Such relationships may exist in principle but 
uncontrollable footers such as atmospheric interference, 
sensor calibration changes, within field and between field 
vwiations in class condition, e.g., crop maturity stage, and 
weather events, e.g., heavy rains, hail w snow, can 
drastically modify these relationships. 

Thus, the remote sensing analyst cannot always infer 
uniquely the nature of objects in the object scene from the 
remote sensing data. Instead (s)he may have to resort to 
imoge analysis and pattern recognition techniques. The use 
of such techniques relies on both a knowledge of the 
functional relationships known to exist in principle between 
the object scene and the remote sensing data, os well as 
statistical techniques, such as clustering and maximum 
likelihood classification, to deal with uncertainties intro- 
duced by random vwiobtes such as scanner noise, crop 
planting date, and soil background variation. 

The Panel recommends a research program consisting of 
three major categories of research: 
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1. Theoretical, laboratory, and field research to develop 
and verify models relating object scene clasies and attri- 
butes to the characteristics In the visible/infrared and SAR 
multi-date data sets; 

2. Research in extended areas using candidate algor- 
ithms, Image analysis and pattern recognition investigation, 

a, to establish relationships over extended areas 
between the characteristics of the visible/infrared and SAR 
multi -date data sets end the object scene classes and 
attributes, 

b. to evaluate and r'odify existing visible/infrared 
pattern recognition algorithms to analyte composite visible/ 
infrared and SAR data; and 

3. Research in large areas to investigate the data 
preprocessing and processing requirements to correct for 
sensor and atmospheric effects in the SAR doto, to register 
the SAR data fo the VIR data, or In any other way, to render 
VIR and SAR dato sets mutually compatible for Image 
analysis and pattern recognition techniques. 

These three general research activities are crucial to 
developing SAR applications for all of the application needs 
addressed in this program. The technical issues that must be 
addressed in the research tasks ares 

1. Determine the nature of SAR data response to 
comple'>. vegetation systems in terms of canopy and soil 
geometry and electrical parameters. 

a. Develop theoretical, predictive models for these 
interactions based on multi-frequency, multi-angle, multi- 
polarization, multi -temporal and multi-date empirical data 
from laboratory, truck, helicopter, aircraft and/or space- 
craft data. 

b. Perform an inversion of such models to produce 
candidate algorithms for SAR and visible/infrared data 
processing in terms of user information units. 

c. Perform cn inversion of such models to improve 
labeling schemes for pattern recognition techniques using 
multi -dote, multi -bond SAR and visible/infrared registered 
data sets for user information units determination. 

2. Determine revisit intervals or specific visit times 
(related to growth stage) needed to optimize crop identifi- 
cation and areal measurement. 

3. Determine if direct indicators of crop condition and 
yield are present in SAR data. 

4. Determine if direct indicators of crop growth stage 
condition are present in SAR data. 

5. Determine if root zone soil moisture estimation 
needed for crop yield and crop growth stoge estimation con 
be improved by use of S AR data. 

6. Determine if cross-polarized SAR dato is useful in 
agricultural information needs. 

7. Determine the effects of topography on information 
extraction from SAR data over large areas. 

8. Determine the effects of inter ond intra-field varia- 
tions on information extraction from SAR data over large 
areas. 

8. Determine the best hierarchy! or stratification ap- 
proach needed for information extraction from SAR data 
over large areas. 

10. Determine the degree to which SAR data improves 
agricultural information estimation as compared fo vis- 
ible/infrared data. 

11. Determine the best mothod to reduce spatial noise 
(speckle) due to coherent effects in SAR data while 
preserving spatial resolution. 

12. Determine if atmospheric effects on SAR data are 
significant, and, if significant, develop atmospheric correc- 
tion algorithms. 

13. Determine the information content of the textural 
information in SAR dato. 

14. Verify th? contention that C -band data are optimum 
for SAR sensing of soil moisture, 

15. Determine if the effects of crop canopy on the soil 
moisture estimation by SAR data can be handled from on 
algorithmic point of view. 

16. Determine how well the soil moisture, nop vield, ond 


crop growth stage estimation procedures work In different 
areas in extended agricultural sites having different crop 
types and other vegetal cover, different planting and growth 
time sequences, arid different soil types. 

17. Determine what configuration a spacecraft SAR 
should have tar agriculture area, condition, yield, and stage 
growth applications. 

APPROACH 

The general objective of the ERSAR Agricultural re- 
search program defined in this plan is to conduct basic and 
applied research into the relationships between synthetic 
aperture rod or (SAR) observations over agricultural areas 
(crop land, forest land, rangeland, and soils) and desired user 
defined information units in agriculture; to develop infor- 
mation extraction techniques; and to evaluate candidate 
applications systems with and without visible/infrared sensor 
system observations over the same agricultural areas so that 
the basis for the planning for a future earth resources 
synthetic aperture radar spacecraft system can be estab- 
lished. 

A five-year research program is given in each of these 
areas which consists of parallel end interactive tasks in 
scene/rodiation characterization, extended area use of 
algorithms, image analysis and pattern recognition, and data 
processing research areas. It is recommended that con- 
trolled experiments be conducted over agricultural test sites 
which have adequate ground observations. In coses where 
ongoing, instrumented sites exist, the recommended re- 
search program should make use of them. In AgRISTARS, 
far example, several heavily instrumented sites already exist 
for the crop experiments. Adding SAR to these experiments 
would take advantage of a large body of ongoing work. 

It will also be extremely important to acquire aircraft 
dato over these tests sites to begin to understand the nature 
of SAR dato over the extended areas. SAR cr>d visible/in- 
frared image products should be investigated to establish 
relationships between these multi -spectral data sets and the 
object scene classes and attributes. Feature selection 
studies should be conducted to see in what part of spectral 
and/or temporal feature space the majority of the informa- 
tion is contained, image products utilizing these features 
should be generated and used to develop preliminary image 
interpretation procedures. 

Many characteristics of the aircraft SAR dato are not 
representative of spacecraft data. The relatively large 
range of incident angles and the relotive instability of the 
aircraft platform introduce distortions into the data sets 
which would not be p -sent in spacecraft data. This was the 
experience with visible/infrared aircraft data. With the 
launch of ERTS (Landsat), a significant breakthrough was 
possible in the analysis of remote sensing data because the 
extremely difficult and introctible problems of aircraft 
scanner data disappeared at spacecraft altitudes. The panel 
feels that this experience will be repeated, ond perhaps be 
even more difficult with airborne SAR data. While much 
can be learned with the aircraft platform, these data have 
ultimate, inherent limitations that can only be overcome 
through the use of well controlled experimental investiga- 
tions from spacecraft. 

If the limitations from aircraft data are to be minimized, 
the third part of the research activities, data preprocessing 
aid processing must also be vigorously pursued, the use of 
aircraft data to understand o spacecraft application requires 
that the aircraft data ikjplicate us nearly as possible 
rodiometric and statistical characteristics of the spacecraft 
data. 

It is txtremely important that the scene radiation 
characterization studies, the extended algorithm studies, 
and the image analysis and puttern recognition studies he 
conducted in a closely interacting and parallel fashion. 
Figure 4 illustrates this relationship. 

The final objective of the study should be directed at not 
only ascertaining the value of radar for the various spoce 
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FIGURE 4. TECHNICAL APPROACH 
TO NADAR APPLICATIONS PROGRAM 
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applications, but also to define the fundamental character- 
istics of the sensor and the satellite that will best fulfill 
these application information needs. 

The reseorch program defined in this plan is a unified 
approach involving: 

1. Intensive basic research into scene/ radiation charac- 
terization using frequently acquired (1-10 day revisit inter- 
vals) truck or helicopter field data over small fields, and 
corresponding theoretical investigations. 

2. Extended area applied reseorch studies using aircraft 
systems to allow investigation and development of extended 
area analysis interpretation algorithms, and use of pattern 
recognition and image analysis techniques. 

3. Completion of preprocessing and processing systems 
(hardware and software) to allow reasonably efficient 
throughput of data, and to optimize the quality of SAR data 
being used in the applied research efforts. 

The proposed reseorch program consists of four levels of 
experimentation: laboratory and theoretical investigations, 
truck and helicopter-based experiments, aircraft investiga- 
tions, and spacecraft experiments. 

These four activities have been placed in two categories 
of activities: 

1. Scene/ radiation charocterizotion in small areas and 
laboratories 

o. Iaborotor> investigations 

b. theoretical investigations 

c. truck and helicopter-based experiments over smoll 

fields 

2. Analysis techniques research and evaluation in large 
areas (5x I Okm) 

o. aircraft-based experiments 

b. spacecraft-based experiment opportunities 

c. algorithm development for extended area appli- 
cations 

d. pottern recognition and image and analysis tech- 
niques Investigations 

e. preprocessing, software development, and data 
base management 

Although, many sensor parameters can be examined in a 
truck-based field measix-ements program, the truck-system 
con only visit a tew fields a day. To obtain a synoptic view 
of many fields, aircraft or spacecraft data bases must be 
used. 

T ASKS 

Sce oe/Rodiation Characterization Reseorch 

The general objective of the scene/rodiation characteri- 
zation research is to determine the relationship between 
remolely sensed features of a crop, forest, range, or soil 
scene and the scene pcrcmeters that affect the remote 


sensing observables. 

The basic approaches (as illustrated in Figure 5 ) to this 
objective are as follows: 

1. Extensive empirical measurements are made by wide 
range multi-spectral (VIR/rodar) sensor system over selected 
crop, forest, range, and soil small area sites using multiple 
configurations (angles of viewing, polarization, orientations) 
on multiple dotes and at multiple times of day (multi- 
temporal character). 

2. Theoretical models are developed to predict the 
scattering and emissive properties of crops, forest, range, 
and soil, as well as atmospheric absorption and scattering 
properties. 

3. Theoretical models are evaluated against empirical 
models and are improved as necessary to produce a 
tractable, pragmatic model for remote sensing image and 
non-image data interpretation. 

4. Theoretical models are used to predict (simulate) the 
spatial distribution of remote sensing observables over large 
areas taking into account the distribution of controlling 
parameters in the large area. 

5. Theoretical models are inverted to produce a set of 
interpretation algorithms that use remotely sensed inputs 
and output values of scene parameters. 

6. Theoretical models are used to produce labeling aids 
for use in pattern recognition crvd image roalysis approaches 
to large area information extraction. 

7. Inversion algorithms end labeling-aids are evaluated 
by use of simulated large areo image data and by use of 
measured large areo image data in blind sites. 

Scene/rodiation charocterizotion begins with the under- 
standing of bow vorious physical phenomena affect spectral 
observabies. Where feasible, theoretical studies will be 
conducted to model these effects. Experiments will be 
conducted under control led/man-mode conditions to measure 
the variations in microwave observables due to various 
physical parameters. Both active and passive microwave 
sensors should be used in these studies. Truck-based systems 
will be used to develop basic relationships and verify 
mathematical models. Aircraft sensors will be used in the 
applied research program to verify/modify the mathematical 
models derived from the truck -based and theoretical studies. 
Where possible, parallel investigations from spacecraft 
sensors will be conducted to further understand and verify 
the field and aircraft results. Experimental procedures will 
be developed for the spacecraft studies. The verification 
from spacecraft data will be conducted using data gathered 
over extended geographical areas similar to Londsat studies. 

The factors affecting the microwave observables are 
definable either on the basis of theoretical models or the 
experimental data published in Hie literature. For the soil 
moisture and crop investigations, the parameters identified 
in past studies are: 
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FIGURE 5. GENERAL SCENE /RADIATION CHARACTERIZATION RESEARCH TASKS SCENARIO 
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1. Soil type and texture, 

2. Soil moisture distribution, 

3. Soil temperature distribution, 

4. Surface slope and roughness, 

5. Vegetation cover (type, maturity, condition health 
arid distribution), 

6. Surfoce atmospheric conditions (temperature, pres- 
sure, humidity, winds, rainfall), and 

7. Time end season (diurnal variation, sun angle). 

For the forest inventory investigations, the physical para- 
meters affecting microwave signals include: 

1. Tree type, 

2. Tree density, 

3. Tree condi tior./health and maturity, 

4. Soil type and moisture, 

5. Vegetation cover, excluding the trees, 

6. Atmospheric conditions, and 

7. Season. 

The effects of all these physical parameters should be 
studied in order to estimate the accurocy/repeatobility with 
which a certain parameter con be estimated. This requires 
either theoretical modeling or experimental data acquisition 
and analysis under various conditions. 


TASK I: Crop Areo Research 

The objective of this *ask is to determine the capability 
of combined active microwave sensor data and visible/in- 
frared dato to identify major crops (wheat, barley, other 
small grains, corn, sorghum, cotton, and rice), and to 
measure their areal cover in a crop estimation system. This 
determination should be based upon accurate and well- 
calibrated field measurements on small plots with appropri- 
ate truck, tower, or helicopter -borne multispectral sensor 
systems. Theoretical models should be developed, tested, 
and evaluated using the empirical field measurements to 
quantify the understanding of the relationship between scene 
characteristics ond sensor measurements so that candidate 
algorithms con be develt-ped to interpret remotely sensed 
data in terms of desired crop and soil information. 

The plan involves the following activities: 

1. Develop baseline mathematical models to predict the 
radar bockscottering of crop canopies ond soil os functions 
of sensor configuration, frequency, ond related crop canopy 
geometric and material properties. 

2. Acquire wiue-ronge multispectral, multi-temporal, 
multi-dote data from truck or helicopter-based platforms 
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over wheat, barley, corn, soybeans, cotton, and rice small 
fields (20x80m), complete initial processing, and prepare the 
data for analysis and inclusion in the standard research data 
base. Observations should be made from emergence through 
harvest at about 10-day revisit intervals. 

3. Use baseline models to produce simulation models for 
VIR/SAR image data over large area having wheat, barley, 
com, soybeans, cotton, arid rice. 

4. Develop algorithms to use remote sensing observa- 
tions to classify wheat, barley, com, soybeans, cotton, and 
rice (without use of pattern recognition or imoge analysis 
techniques) far use in large area analyses. Algorithms will 
be developed by inversion of baseline mathematical models. 

5. Develop labeling aids for large area pattern recogni- 
tion and image analysis techniques for classification and 
area estimation of wheat, barley, corn, soybeans, cotton, 
ond rice. 

6. Evaluate interpretation algorithms for crops by using 
large area simulation data. 

7. Evaluate interpretation algorithms for crops by using 
small area blind site data. 

8. Perform final overall evaluations to include specifi- 
cation of the optimum configuration of a wide ronge 
multi spectral (VIR/SAR) spacecraft system for crop area. 

This task will require 6-8 man-yews per yew level of 
effwt over a 5-year period, plus the cost of data acquisition. 

TASK 2 ; Crop Condition/Yield Research 

The objective of this task is to determine the capability 
of active microwave sensor data to assist in estimating crop 
yield with several crop type categories (wheat, bwley, corn, 
sorghum, cotton, rice), and assessing crop condition and 
crop microenvironment. This objective will be pursued with 
the cooperation of pwallel efforts in AgRISTARS, the Yield 
Project, ond the Soil Moisture Project. This task focuses on 
the problem of relating radar observables to crop condition 
and yield through direct serai ng of canopy changes that 
might indicate that plant stress is occuring; and by indirect 
monitoring of yield by monitoring the microenvironment of 
the crop to assess yield potential at planting, early growth 
conditions, and environmental effects on final yield at 
harvest, through physiological crop growth modeling. 

It is anticipated that this effwt will require very short 
( I - 1 0 day) revisit intervals which, without spacecraft data, 
cannot be easily assimilated except by intensive truck -based 
experiments on small field plots. 

This task involves the following activities: 

1. Develop baseline mathematical models to predict 
bockscattering by agricultural crops ond fields as functions 
of crop condition and soil conditions. 

2. Develop mathematical models to predict yield given 
microenvironmental conditions and direct monitored crop 
moisture stress condition. 

3. Develop baseline models fw root zone soil moisture 
estimation and effects on yield. 

4. Acquire small area (20x80m) wide range multispec- 
tral, multitemporal, multiconfiguration, multidote dota, 
processor data, and prepare dota fw analysis with emphasis 
on wheat, barley, corn, soybeans, sorghum, ond cotton for 
estimation of root zone soil moisture. 

5. Develop algorithms to predict yield in crop areas 
using wide range multispectrol data. 

6. Develop labeling aids for yield estimation and clas- 
sification in large areas by pattern recognition and image 
analysis. 

This task will require a 4-6 man-year per year level of 
effort over a 5 year period. 

TASK 3: Crop Stage of Development 

The objective of this task is to document the feasibility 
of using radar dota to detect the change in, or the existence 
of, crop growth stoges in majcr crops. Rodar bockscatter is 
affected by the large scale morphology of the plant canopy, 


hence, certain crop growth stages may f < e se nt unique 
signatures to rodw. 

This task involves the following actlvlti esi 

t. Acquire radar data aver crops during different growth 
stages. 

2. Develop baseline mathematical models for crop 
morphological changes as detected by radar. 

X Develop labeling aids for crop growth stage by 
pattern recognition. 

4. Evaluate results of testing of crop growth stage 
algwithms in Iwge areas. 

This task will require a 3-4 man-year per year level of 
effort over a 5-yew period plus data acquisition costs. 

TASK 4: Forest Mapping 

The objective of the scene radiation chwacterizotion 
studies in forestry will be to develop the basic knowledge 
required to define and to e<aluate the feasibility of using 
space borne SAR data in conjunction with VIR data to map 
fwest extent and forest change. The interaction process 
which governs the bockscatter of radw signal from targets 
which hove the geometry and electrical chwocteristics of 
fwest cover we not well understood; the background of 
wwk done in forestry applications is extremely limited. 
Some airbwne data exist which indicates some, capability of 
radw in forestry applications. However, the data are 
qualitative, and consistent analysis and use of the possible 
information content from these targets has yet to be 
accomplished. 

A great deal of basic research will be required to 
determine the information content in radw data bocks cof- 
fered from fwested terrain. Basically, the program is 
defined to determine the chwocteristics of fwest system* 
which could possibly be measured by rodw systems. What 
fwest parameters (tree height, density, vegetation water 
content, and tree geometry) influence radw bockscatter, 
and how can the radw response from fwest system physical 
parameters be described? This research effwt will consist 
of modeling effwts to describe the interaction of the rodar 
signal with twgets thm have the physical and electrical 
parameters of fore . stands. These models will be verified 
and refined using ground-based and/w airbwne scat ter ometer 
measurements over specific well described test sites. Re- 
sponse to forest parameters with respect to frequency, 
incident angle and polarization will be determined empiri- 
cally; supported by theoretical models defining the interac- 
tion process. 

This task involves the following activities: 

1. Refine w complete development of general model 
describing radw signal/scene interaction phenomena using, 
where appropriate, results of truck-based and/w airbwne 
experiments. 

2. Initiate development of specific simulation models as 
needed to support or explain specific phenomena measured 
from ground-based w airbwne platfwms. 

3. Acquire and analyze truck-based or airborne scot- 
teromefry data for use in more completely describing the 
fundamental relationships between rodw and fwested 
scenes. 

4. Predict effects of slope, understory vegetation, soil 
drainage, and other condi tions as needed for development of 
comprehensive models for r odor/for est interactions. 

This task requires o 2-3 man-year per year level of effwt 
plus dota acquisition costs over a 5-yew period of time. 

TASK 5 : Ronqelond opplicotions 

The research effwt in ronge vegetation mopping ond 
ronge production assessment using rodw is virtually non- 
existent. Very little is known about the microwave response 
of ronge vegetation systems. Ronge production is associated 
with condition (green biomass) ond type of vegetation. 
Vegetation classification will provide an essential element in 
range productivity assessment. The research effwt will 


14 


consist of identifying the microwave response to range 
vegetation species along with the development of mathe- 
matical models which can predict the behavior of radar 
backseat ter to these species. The lack of an adequate data 
base requires that the first several years of research effort 
be devoted to acquiring that data base and beginning the 
processes of understanding the interaction phenomena. 
Truck or oi-^ne acquired data will be used to provide the 
data base required to develop and refine the models 
describing the radar-scene interaction process. 

This task involves the following activities: 

1. Review previous work related to rodar measurements 
of rangeland, data manipulation, and data analysis. 

2. Begin acquisition and analysis of ground-based or 
airborne data to provide an indication of applications 
feasibility, and to indicate directions for subsequent re- 
search. 

3. Initiate development of general theoretical model(s) 
describing rodar-ronge scene interactions. 

4. Model the sensors and calibration procedures used in 
small area radar-range studies to predict accuracy, efrift, 
response to spurious signals, and precision. 

5. Using ground-based scatter omet ry, determine pene- 
tration of grass cover as a function of grass type, height, 
density, and moisture. 

This task involves a 2-3 man-year per year level of effort 
plus data acquisitions costs over a 5-year period of time. 

TASK 6: Soil Salinity Determination 

The objective of this task is to develop models using 
radar data to differentiate moisture stress and saline soil 
stress in irrigated fields. 

The approach includes the following activities: 

1. Select end instrument test fields that represent soil 
saline extremes. 

2. Acquire radar data over fields throughout growing 
season. 

3. Develop models using rodar data to verify that soil 
salinity and soil moistere can be determined. 

4. Refine models to measure various levels of salinity. 
Quantify the results such that various levels of stress caused 
by soil salinity can be measured. 

This task will require o 2-3 man-year per year effort 
over a 5-yeor period, plus the cost of data acquisition. 

Analysis Techniques Research and Evaluation in Large 
Areas ~ 

The general objective of the analysis techniques research 
and evaluation in large areas is to evaluate candidate 
algorithms (developed under the scene/radiation character- 
ization research) and to develop and to test pattern 
recognition techniques against training and blind test site 
aircraft or spacecraft data ocquired over large areas 
(5x10km) so that the information content of SAR and 
SAR/VIR data can be compared to that of visible/infrared 
(VIR) data above for agricultural information needs. 

The basic approaches (os illustroted in Figure 6) to this 
objective ore as follows: 

1. Previously acquired lorge area data (e.g., Colby, 
Kansas, and Seasat SAR dota in 1 978) are processed and used 
in the evaluation ervd in planning other large area dota 
acquisitions. 

2. Extensive wide ronge multispectral (VIR/radar) sensor 
measurements are mode each of the first four years over 
crop, forest, and ronge test sites to provide dota for 
candidate algorithm evaluation and pattern recognition 
technique development and evaluation. 

3. A preprocessing and processing system is developed 
and made operational in the first three years to enable 
correction of SAR dota as necessary for sensor and 
atmospheric effects, to merge SAR and VIR imoge data sets, 
to merge multi -date data sets; to register data sets to base 
mops, to apply and to evaluate candidate algorithms; and to 


evaluate pattern recognition and image enalysls techniques 
to the large area dota acquired in 2 above. 

4. Candidnte algorithms are evaluated against blind site 
data starting in the third fiscal year. 

5. Candidate labeling aids ere evaluated against blind 
site data storting in the third fiscal year. 

6. Pattern recognition techniques are developed far 
SAR/VIR data sets starting in the second fiscal year and ere 
evaluated against blind site data starting in the third fiscal 
year. 

The tasks identified uxier the scene/radiation charac- 
terization area concentrate on obtaining better descriptions 
of the interaction of rodar signals with terrain elements, 

i.e., crop canopy, moist soils, etc. Those tasks should 
expand the fundamental understanding of radar remote 
sensing and provide additional quantitative evidence of the 
capabilities and potential of this sensing technique. 

The tasks identified in the enalysis techniques research 
and evaluation area concentrate on developing methods of 
extracting and using the information in rodar image data 
The approach used in these tasks features extended area 
scenes, e.g., AgRISTARS Super Sites, rather than the small 
plots featured in the previous tasks. It also features the use 
of image data, rather than scat ter ometer measurements. 
Consequently, image processing and imoge analysis tech- 
niques become a significant factor in this research. 

TASK I: Crop Area Research 

The objectives of this task are to determine the 
sensitivity of radar data to plant/canopy characteristics; 
determine the effects of background noise on the ability of 
rodar to discriminate between crop types; determine the 
optimum sensor parameters; determine the best way to mix 
radar and MSS data; and determine the added classification 
performance of rodar end MSS dota compared to MSS data 
alone. 

The approach requires the acquisition of rodar imoge 
data and visible/infrared image data over large areas to: 

1. Study radar image data to determine sensitivity to 
growth state, total biomass, plant morphology, background 
effects (soil type, precipitation, etc.), indicent angle, fre- 
quency of coverage, and polarization. 

2. Study radar and MSS data to determine tradeoff 

between hierarchiol versus multivariate classification. 

3. Study radar and MSS data to determine added 

classification performance of radar and MSS pixel resolution 
of registered data and sensitivity of registration error. 

4. Study radar and MSS data over large creas to 

determine added classification performance of radar and 
MSS data over MSS dota alone. Determine best temporal 
sampling strategy and sensitivity to background effects (soil 
type, soil moisture, management practices). 

5. Study radar and MSS data over large areas to 

determine added labeling performances with MSS and radar 
data over MSS data alone, and the potential for signature 
extension. 

6. Determine the accuracy of data interpretation algo- 
rithms developed in small area research when used in large 
areas. 

7. Determine the nctural spatiol variability of crop type 
signature over a large area due to differing planting dates, 
environments, farming practices, and harvest dates. 

8. Determine the usefulness of spatial information, e.g., 
texture, in rodor imagery by imoge analysis. 

9. Provide aircraft-based testing of applications infor- 
mation extraction systems proposed for spacecraft-based 
SAR. 

10. Complete the operational data preprocessing and 
processing system to handle increased frequency of aircraft 
SAR and scatterometer data acquisitions. 

11. Use and evaluate interpretation algorithms (see 
Scene/Radiation Characterization Section). 

12. Use end evaluate labeling aids with pattern recogni- 
tion end image enalysis system. 
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FIGURE 6. GENERAL LARGE AREA RESEARCH TASKS SCENARIO 


Task Description 


• Experiment Design and Project 
Implementation Plon (V ) 

• Standard Research Data Base 
Management 

• Complete Processing (Prior to 
Analysis) of Post Large-Area 
Data Sets (e.g., Colby, Kansas 
(1978), Seosat /S AR-L andsat / MSS 
Joint Data Sets (1978), and 1980 
Super site Dota) 

• Large Area (5x I Okm) VIR/SAR/SCAT 
Multidate Data Acq. and Data 
Preparation Prior to Analysis 

(o/c and/or SIR) 

• Development of Large-Area Data 
Processing (Analysis) ond Pre- 
processing Systems (Hordv.are and 
software) for Merged VIR/SAR/SCAT 
Data Sets 

e Use and Evaluation of Interpretation 
Algorithms from Inversion of Baseline 
Models (see Scene/Rodiation Charac- 
terizations Research Section) Against 
Large Area Blind Data 

• Use and Evaluation of Labeling Aids 
(from Scene/Rodiation Research 
Efforts) with Pottern Recognition 
ond Imoge Processing System in 
Blind Sites 

■ Development of Pattern Recognition 
and Imoge Analysis Techniques from 
Large-Area Data 

■ Evaluation of Pattern Recognition 
ond Imoge Analysis Techniques from 
Lorge-Areo Blind Site Data 

• Prepare ond Issue fi 1 ) Annual Reports 
ond Final Report 



This task will require a 10-12 man-year per year level of 
effort over a 5-year period, plus cost of data acquisition. 


TASK 2: 


Condition/Yield Research 


The objectives of this task are to determine the 
sensitivity of radar data to plant /canopy characteristics 
related to crop stress and yield; determine the dbility of 
radar ond MSS data to predict crop stress and yield; and 
determine the improved performance that can be ochieved 
by adding radar and MSS data to weather data. 

Rodar imoge dota will be ocquired over large area test 
sites tot 

1. Determine sensitivity to biomass, soil moisture, 
plant/eonopy moisture, crop disease, and background and 
atmospheric effects. 

2. Correlate stress indicators end rodar data; correlate 
yield ond radar data; ond determine added benefits of 
including radar data with weather data to predict yield, and 
best temporal sampling strategy. 

X Perform multiple correlations between stress indica- 
tors and radar, MSS, and weather data. Determine benefits 
of including radar and MSS data with weather data to 
predict yield. 


k. Determine performance of yield predictor using MSS, 
radar, ond weather data. Determine benefits of adding 
radar end MSS data to weather data for crop stress/yield 
prediction. Determine sensitivity of yield ond crop stress 
prediction to background noise (soil type, crop management 
factors, etc.). 

This task will require a 8-10 man-year per year level of 
effort over 5 years, plus the cost of dota acquisition. 


TASK >. 


. of Development Research 


The objective of this task is to determine plant/canopy 
foctors which con be measured by radar sensors; and 
determine the benefits of adding rodar to MSS data, plus 
weather data, for predicting crop stages. 

The octivity required includes: 

1. Determine sensitivity of radar data to crop stage 
development; effects of different incident ongles; back- 
ground and atmospheric effects; frequency of coverage 
required; and relationship between plant/canopy moisture 
and crop stage. 

2. Determine the benefits of including radar data with 
weother data to predict crop stage, and develop an appro- 
priate temporal sampling strategy. 
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3. Determine the benefits of including MSS data with 
radar and weather data to predict crop stage and minimize 
atmospheric and background effects. 

4. Determine size of prediction area (one pixel or a 
group of pixels), extendability of growth stage models over 
different areas, and sensitivity of models to background 
noise (soil type, crop management factors, etc.). 

This task will require a 4-6 man-year effort over 5 years. 

TASK 4: Forest Mapping 

The objective is to determine the feasibility of using 
SAR data to map major forest land types (extent and 
change). 

1. Acquire oirborne SAR data over one forested site in 
conjunction with crop data acquisition to provide a baseline 
dota set for use in developing data correction and processing 
procedures. Site must have large areas each of deciduous 
and evergreen trees. 

2. Process and analyze X-barvd SAR/VIR dota obtained 
over Grand County, Colorado, during June 1979. 

3. Develop initial techniques for large area SAR/VIR 
data handling and analysis including distortion (geometric 
and radiometric, which are due to radar foreshortening), 
rodor/VIR merging, registration, data evaluation, ond clas- 
sification algorithms. 

4. Acquire multi frequency, multipolarization airborne 
SAR/VIR dota multi temporally over one or more forests 
exhibiting several tree species and maturities. 

5. Preprocess and process the data for classification and 
condition assessment for several combinations of radar/VIR 
instrument bands and configurations, including radar only, 
radar/VIR, and VIR only. 

6. Develop/improve techniques for minimizing and 
evaluating geometric and radiometric distortion due to 
foreshortening. Provide recommendations for forest area 
exclusion based upon slope magnitude, if necessary, where 
slope effects would cause excessive error in classification 
ond condi ti or assessment. 

7. Provide preliminary forestry applications assessment 
and recommendations for optimal spaceborne SAR instru- 
ment configurations, operational criteria (including data 
acquisition dates), ond data manipulation techniques. 

8. Develop algorithms for use in forest scene change 
detection, forest stand condition (including stress due to 
insect and disease damage), and total forest stand biomass 
for fuel assessment pruposes. 

This task requires a 6-8 man-year per year level of effort 
over a 5-year period, plus dota acquisition costs. 

TASK 5; Rangeland Mapping 

The objective is to determine the feasibility of using 
SAR dota to map range lond vegetation. 

This task involves the following activities: 

1. Process and analyze X-band SAR/VIR dota obtained 
over Weld County, Colorodo, grassland site during June 
1979. 

2. Acquire multi parameter airborne SAR/VIR dota mul- 
ti temporally over one or more rangeland areas exhibiting 
relatively large homogeneous conditions for vegetation type, 
condition, density, and maturity. 

X Initiate development of algorithms for rangeland 
total biomass ond condition determination. Refine/develop 
techniques for dota registration and merging. 

4, Perform data processing ond analysis to provide 
accuracy and reliability criteria for several comthations of 
SAR and VIR bands and configurations for the SAR only, 
SAR/VIR, and VIR only cases. 

This task requires a 3-4 man-year per year level of effort 
over a 5-year period, plus data acquisition costs. 

T ASK 6: Saline Soil s 

The objective is to determine the ability of SAR for 


detecting and mapping areas undergoing damage by saline 
seeps. 

This task involves the following activities! 

1. Test and refine models to measure various levels of 
salinity. 

2, Develop ond test approaches for detection of en- 
croachment of saline area for estimation of decline of 
productivity. 

This task involves a 2-3 man-year per year level of 
effort, plus data acquisition costs. 

TASK 7} Systems Analysis 

The objective of this task is to perform an overall 
systems analysis from an applications viewpoint in which 
comparative assessment of forecasted pe. ‘ormonce is mode 
between a number of system scenarios involving combina- 
tions of Landsot/SAR satellites. Issues of system redun- 
dancy, bock up, ond operational stability in light of kwnch 
schedule capability will be incorporated. 

This activity will! 

1. Determine incremental Londsat acquisition frequen- 
cies and temporal nearness to critical Wastage transitions 
obtained in going from n to n ♦ I Londsat s, using world-wide 
cloud/haze distribution data. 

2. Model and forecast total system (satellites and 
ground data system) costs of a mix of n Landsats and m SAR 
satellites using two scenarios: radar and MSS on same 
vehicle, and radar and MSS on different vehicles. 

3. Model and forecast potential economic and perfor- 
mance improvement in crop production estimation as o 
function of SAR multi -mode complexity. 

4. Construct and rank multiple scenarios in which 
performance and economic benefit (via crop production 
forecasts) are associated with modeled system cost to give 
comparative ranking of the mix of Londsat and SAR 
satellites. 

5. Develop system deployment plan for two or three 
scenarios which are forecasted as the most beneficial mix of 
Landsats and SAR satellites far significant performance 
increase in crop production estimation. 

This task will require a 4-6 man-year per year level of 
effort over a 5-year period. 

Image Processing Research 

For radar imagery to achieve its maximum potential 
either in support of optical region sensors or by itself, 
preprocessing procedures must be applied to the images. 
These will be required for any or oil of the following 
reasons: 

1. To eliminate or reduce incident angle and look angle 
dependencies in the data, including that arising from 
topographic effects, as well as the sensor attitude. 

2. To eliminate any residual atmospheric effects. 

1 To eliminate or reduce rodar speckle (fading) effects. 

4. To geometrically correct/rectify rodar imagery to 
register with standard projection. 

5. To eliminate high-frequency, topographic-induced 
image distortions so that both registration with other 
sensors and rectification for final incorporation in a data 
base may be achieved. 

6. To re-sample the imogery after application of the 
above procedures to a sfondard resolution/projection, com- 
patible with uniform Federal data bases. 

These dota preprocessing steps will be essential, ond they 
must be carried uut in a central processing foeility. Only 
the Federal government has -the resources and the rationale 
for assuming such a role; suet casts cannot be borne by 
individuals or modest institutions. 

All these p> eprocessir.7 steps require resear ch. All are 
of at least moacrote technical diffic.'ty. Same, such as 
removal of topographic effects, are major undertakings 
which require special purpose hardware,':, iftware develop- 
ment. 
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Reseorch on these topics will need to establish! 

1. Look-angle and incident angle effects. 

2. Atmospheric effects. 

3. Speckle effects. 

4. Geometric registration and rectification. 

5. Pre-sampling effects. 

TASK h Recti f icotion/Realstrotion 

The objectives of this task we to develop techniques far 
correcting image distortions caused by residual air- 
craft/spocecraft parameters, particularly yowj develop 
image formats (ground range, short range, stereo, etc.) for 
agriculture/range and forest scenes; and develop registration 
and resampling techniques/algorithms which will allow spa- 
tial registration of multi-beam, multi frequency, multi- 
potarizotion, multidate SAR data and MSS data, including 
terrain relief, for computer anolysis/pattem recognition. 

The approach includes the following activities! 

1. Quantify requirements. 

2. Develop techniques for image rectification and test 
these with aircraft dota. 

1 Identify data format problems/needs by evaluating 
imagery from selected instruments, crop, range, and forest 
land areas. 

4. Develop algorithms for planimetric image represen- 
tation/format for areas identified by the applications inves- 
tigators. 

5. Initiate image registration studies and identify al- 
ternate approaches, such as precorrelation and after-date 
correlation. 

6. Develop and test computer algorithms to register 
imoges by the same sensor on one aircraft at different 
angles, polarizations, and wavelengths, and study multi -SAR 
registration. 

7. Develop computer algorithms to register image dota 
from various sensors (aircraft/spocecraft). 

8. Test algorithms with SlR-A and oircraft data. 

This task will require a 4-6 mon-year per year effort 
over 5 years. 

TASK 2; Spatial Noise Reduction 

The objectives of this task are to determine the extent 
of averaging needed for acceptable speckle for each 
agriculture application, and implement data preprocessing 
algorithms based on empirical/onalytic models for eoch 
application within agriculture. The algorithms are to be 
developed through field experiments and/or analytical mo- 
deling. 

The approach involves the following activities: 

1. Develop computer programs/algorithms to generate 

i.noyv; ■* s< lectable spatial and multi-look, multi-pass 
data aver'-Kii'-c curability. 

2. Pro~e«s selec ted imogery from crop, range, and 
forest land sc**vts. 

3. Evaluate im-ge quality for each application area and 
determine parameters ui table far application data proces- 
sing. 

4. Implement dal v-processing algorithms identified 
by application investigate f.* oxomple, normalized bock- 
scot ter algorithm. 

5. Evaluate suitability of processed dota for application 
investigations. 

6. Develop appropriate algorithms fcr SAR data pre- 
processing. 

This task will require a 2-3 non- year per year level of 
effort over o S-yeor period. 

T ASK 3s Incident Angle Effect Correction 

The objective of this task is to develop algorithms to 
reduce the effect ->f angle of incidence variations to provide 
nearly uniform imoges across the entire swath width. 

The approach includes the following activities! 


1. Define the angular impendence of boc kso at ter for 
uniform agricultural scenes Ming field measurements and 
analytical techniques. 

2. Process aircraft-acquired imagery over uniform 
crop/range or forest land with and without the angle effect 
corrections, and evaluate the p race se ed data. 

3. Determine the usefulness of the angle of incidsnce 
corrections through pattern recognition techniques. 

4. Prepare angle of incidence corrections for spacecraft 
data, and test their usefulness using SIR-A data. 

This task will require a 1-2 man-yew per yew effort 
over 5 yews. 

TASK 4t Atmospheric Effects Cwrection 

The objective of this task is to develop and implement 
atmospheric effects cwrections fw SAR image data at 
various frequencies, polwizationt, and incident cngles. 

The activities Include! 

1. Investigate and document various atmospheric data 
needed fw radar data correction. 

2. Develop cwrection models fw SAR data based on 
measured atmospheric parameters. 

3. Implement correction models in aircraft SAR pre- 
processing algorithms and evaluate data usefulness. 

4. Develop preprocessing correction algorithms fw 
spacecraft data and test these using SIR-A ocquired data. 

This task will require a I -2 man-year level of effwt over 
a 3-yew period. 

TASK 5s Sensor Effects Cwrection 

The objective of this task is to develop and implement 
methods to calibrate SAR data to the required preci- 
sion/occur ocy needed fw agriculture applications. 

The activities include! 

1. Survey parameters fw each SAR used fw agriculture 
dota acquisition which couse calibration problems, these 
include sensor nonlineorities, antenna gain uncertainties, 
digitization, and truncation errors. 

2. Develop a scheme to acquire data o jot man-made and 
homogenous scenes to calibrate effects of the indicated 
pwameters. 

3. Develop computer programs to correct these devia- 
tions in the data processing phase, and acquire oircraft dota 
fw evaluation. 

4. Process aircraft-acquired data using calibration al- 
gorithms and evaluate applications potential. 

5. Develop calibration scheme to be used fw spacecraft 
SAR data for agriculture applications. 

This task will require a 1-2 man-yew per year level of 
effwt over a 5-year period. 

TASK 6: Software Development and Data Base Manage - 
ment 

The objective of Ihis task is to ougment a current MSS 
dota analysis software system to incorporate analytic 
algorithms into a programmatically useful computer soft- 
ware system for SAR data analysis. Majw components such 
as disparate sensor data registration, dispwate sensor 
resampling, occur ocy assessment, angular effects cwrec- 
tion, coherent noise treotment, sensor system parameter 
selection, etc., as developed for MSS analysis will require 
rewwk and revision to ac c omm o d a te arte w more Informa- 
tion channels provided by SAR data. 

The activities include! 

1. Initiate implementation of a rectification/registrat- 
ion/resampling soft ware system on the NASA/ JSC main 
frame computer to enable the building of merged data sets 
in pixel-registered form from multiple combinations of 
aircraft SAR, aircraft MSS, ond Landsat MSS data. Modify 
classification algwithms for including rodw dota. 

2. Implement rodar screening software system and 
approaches for spatial averaging of coherent noise/foding 
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effects to improve SAR signal-to- noise characteristics. 
Incorporate angle of incidence correction of bockscatter and 
finish registration/ resampling system. 

3. Implement and test angle of incidence correction 
algorithms as developed under the data processing algorithm 
development. 

4. Increase throughput rate of merging aircraft and MSS 
data and SAR data into registered resampled corrected 
multivariate data sets for classification. 

5. Incorporate modifications to rectification, registra- 
tion, resampling, noise averoging, angle corrections as 
necessary from problems identified in multi segment test of 
preprocessing and classification algorithms. 

This task will require a 4-6 man-year per year level of 
effort aver a 5-year period. 

RECOMMENDATIONS 

1. The experiments outlined by the Agriculture Panel 

share a common characteristic: several institutions and 

agencies are involved. Such an array of programs demands 
the formation of a research coordination team(s). The 
teams would, of course, be responsible for routine coordina- 
tion of the various projects. But. as important, the team 
would oversee the data calibration and verification activity 
and supervise the merging of all data into a credible base. 
The problems of merging and comparing visible/infrared and 
radar data are not trivial. Successful experiments of this 
nature require close and frequent commjnication among the 
participants. 

2. The general problem in applying microwave sensor 
data to agriculture systems is o lack of understanding of the 
interaction of electromagnetic energy with vegetation 
systems. The vegetotion system associated with agriculture, 
forestry, and range are eoch different in geometry, electri- 
cal properties, and statistical distribution. Very little work 
has been done in attempting to describe the physical model 
which drives the interaction process. 

Only recently have volumetric models been developed in 
an attempt to describe this interaction process. Unfortun- 
ately, very little high quality data are available with which 
these models can be effectively evaluated. The quantitative 
use of radar dato in any application to agriculture, hydrol- 
ogy, land use, etc., must be built on a firm foundation of an 
understanding of the principles governing the interaction 
processes. 

An evaluation of the capability, or lock thereof, of SAR 
data in a particular application cannot rest on a program 
based on empirical analogy. This axiom is not peculiar to 
the microwave application research, but to scientific re- 
search in general. 

NASA should moke a firm commitment to a research 
program which includes an approach to describe the 
scene/energy interaction problem. This includes a strong 
coordinated modeling effort (interaction phenomena) com- 
bined with experimental programs designed to collect model 
verification dota using truck based instrumentation. 

3. Research and development programs in the past hove 
frequently been only moderately successful because funding 
support has been at an inadequate level to fulfill needed 
objectives. Fragmented programs conducted under different 
time frcmes and with limited equipment and objectives 
generally comof be assimilated into o coherent set of 
conclusions, and result in inefficient use of funds. 

4. It is recommended that careful consideration be given 
to providing adequate support to meet justified program 
needs such as: 

a. Multispectral and multi-stage investigations in- 
cluding visible, infrared, and rodor data. 

b. Multidisciplinary investigations including adequate 
representation of resource and systems scientists and engi- 
neers. 

c. Coveroge of sufficient test sites to. meet program 
objectives involving varic&le site condi tions. 

d. Provision for temporal coverage to assure studies 


of resource and climate variables which change with time. 

5. NASA should extend current truck-based systems to 
include L-bond and X-bond, multi-angles, and multiple 
polarizations (like and cross-polarization). 

NASA should fund the construction of more truck 
systems so that long duration, high temporal sampling 
experiments can be carried out in multiple sites end by 
multiple investigators. The changing (dynamic) crop condi- 
tion demands continuous monitoring for research purposes. 
The credibility of results increases sharply when multiple 
investigators and research institutions are working the same 
problems and getting the sane results. 

6. NASA should fund development of dedicated heli- 
copter or oircraftborne radar systems for agricultural 
remote sensing application development. 

7. Worldwide monitoring of food production could pro- 
vide information of great importance to policy decisions of 
maty notions. A primary use of Londsat dota has been in 
estimating the oreal extent of crops, with a start towards an 
evaluation of crop condition. Although successful, Landsot 
is severely limited by clouds, which prevail over many parts 
of the world. Thermal infrared data odds another dimension 
to re i i f ted data, but is again limited by clouds. The 
combination of the three regions forms a framework for the 
development of an all weather remote sensing system that 
could identify and measure the areal extent of crops, 
provide a crop condition assessment, on early waning of 
changes in crop condition, and provide frequent real-time 
inputs into yield prediction models. 

The molding of information from the three regions into 
an all weather system requires the construction of a data 
base for relating spectral response from the several regions 
to the pertinent agronomic parameters, such os plant 
density, leaf areo index, biomoss, crop or chi tec tore, crop 
geometry, and plant physiological measurements that pro- 
vide an index of stress end its consequential effect on yield. 
This task can only be done by o multidisciplinary team 
composed of engineers with backgrounds in instrument 
design and operation, and agricultural researchers with 
backgrounds in soil and plant science. The team should 
design a series of multi temporal, multiple location ground 
and aircraft experiments using sensors from the three 
spectral regions over the same targets at the same time, 
with the soil and plant scientists providing contemporary 
measurements of the pertinent soil, plant, and environmen- 
tal parameters. 

The final task of the team would be to synthesize the 
dato and propose a system that could provide a worldwide 
crop monitoring capability. 

8. NASA should continue to sponsor regular workshops, 
symposia, and research meetings to provide a forum for 
exchange of data and results end for review by the scientific 
comm uni ty. 


SUMMAR't 

The Agriculture Panel of the ERSAR Progrom Definition 
Working Group proposes that an intensive basic and applied 
research effort be conducted to assess the extent to which 
active microwave data can be used with and without 
visible/infrared dato. A 70-100 man-years level of effort 
per year for a five year period is recommen<ied to identify 
major crops end to measure their area; to assess crop 
condition and to predict crop yield; to assess and to predict 
crop growth stage; to identify major forest vegetation types 
and to map their areal extent; to identify and map rangeland 
vegetation; and to detect and map saline soils. The effort is 
balanced and phased to progress from laboratory and small 
field experiments to determine scene/ rodiat ion characteri- 
zations, through large area (5x10km) testing of algorithms 
end application of pattern recognition and image analysis 
techniques, to o set of mission and system specifications for 
an optimum synthetic opertLee radar conf iguration to 
support agriculture information needs. 
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LAND COVER 

RESEARCH NEEDS 

The implementation of the program defined here ii crit- 
ical to the establishment of an organized, coherent data 
base for land cover investigations with active microwave 
data. The potentially unique and complementary nature of 
active microwave for characterizing lend covor data must 
be addressed. How important is the potential of radar data 
for enhancing cultural features? Whot Is the real value of 
the textural information content of rodcr dato of urbanized 
areas? Can steep depression angles end sensitivity to soil 
and vegetative moisture parameters really help improve 
classifications of forested wetlands? These questions beg 
research answers. To answer these questions, data sets must 
be obtained (including spectra from trucks, aircraft, and 
spacecraft); better processing and analysis techniques must 
be developed; and the rigor of assessment methodologies 
must be improved. Successful accomplishment of these 
tasks will provide the basis for a valid assessment of the 
true potential of active microwave systems for meeting 
user-defined land cover data needs. 

The Land Cover Panel believes it is imperative that 
efforts be initiated tos 

1. Establish a set of models to characterize the rela- 
tionships between radar backseat ter measurements and land 
cover elements in a variety of environments; 

2. Improve the understanding of the effects of active 
microwave system parameters on the ability to accurately 
classify land cover types; 

3. Improve the understanding of the influence of envi- 
ronmental changes on radar bockscatter measurements; 
most importantly, 

4. Develop a set of preprocessing and classification 
algorithms to toke maximum-advantage of the potentially 
unique character of active microwave deta for land cover 
analysis; and 

5. Assess the cartographic potential of active 
microwave data with respect to national map accuracy 
standards. 

This section defines a research program to assess the po- 
tential of active microwave data in meeting specific land 
cover information requirements. It includes a prioritized 
assessment of the potential of octive microwave data (given 
sufficient research), used either olone or in conjunction with 
data from visible and infrared sensors, for improving the 
quality of current land cover information derived from 
remotely sensed data. This increase in data quality may be 
related to improvements in either the accuracies with which 
individual land cover elements can be classified, or the po- 
tential for deriving timely, accurate inventories of land 
cover parameters. Emphasis is placed on urban and forested 
wetland area boundary definition, and urban land cover 
categories. Included is an analysis of radar parameters such 
as spatial resolution, azimuthal look direction, wavelength, 
polarization, and incident angle. It must be emphasized that 
owing to the lack of adequate data sets on urban areas, little 
can be said concerning optimum frequencies, look angles, 
polarization, etc., for maximizing extraction of pertinent 
land cover data. 

Land cover data are needed as a base for information 
systems devoted to all aspects of resource management, 
conservation, and allocation activities. Included are such 
aspects as energy use, disaster recovery and prevention, 
environmental monitoring and developmental impact 
assessment. 

At present there is no coherent b dy of information that 
documents the potential and contribution of octive micro- 
wove data for obtaining land cover data. It is acknowledged 
that rodor is the only sensor that can systematically acquire 
data in cloud covered environments, low light environments, 
ond in cases where time is a critical factor, e.g., disaster 
extent and relief programs. Alt*x>ugh alternative systems 
have been suggested to alleviate this situation, microwave 


research should proceed until such time as these systems 
prove their potential for supplying needed information to 
users. 

The purpose of this research program It to establish whot 
Information can be extracted from data ocqulred by octive 
microwave sensors for specific land cover categories by type 
and level of detoil. Currently, it is not known whot, If any, 
unique contribution con be mode by rodor os compared to 
other sensors, or if it may be of use only when other sensors 
cannot obtain data. However, the potential of rodor data 
for enhancing object-to-bockground contrasts of man-mode 
targets; its possible potential for adding important textural 
information for classification of urban and rural urban fringe 
zones; and its potential for aiding and improving the accura- 
cy of classifications of forested wetlands, deserves research 
attention. If rodor does provide unique dota, it is imperative 
that the type, nature, and degree of utility of that do to be 
accurately determined. This will require both the continua- 
tion of current land cover research efforts, as well as the I- 
nitiation of new research in a number of areas. 

The recommended land cover research program addresses 
the land cover data needs discussed in the ERSAR Ap- 
plications Working Croup Report. The Applications Working 
Group felt that three important applications areas should be 
oddressedi 

1. Comprehensive mapping of current land use/kmd cov- 
er patterns; 

2. Surveys of specific land use/kmd cover types for nat- 
ural resources planning and management! and, 

1 Disaster monitoring. 

The user community for land use/lond cover Information 
is very brood. It includes* (I) planners at Federal, State, 
and regional levels, as well as in the private sectors; (2) 
ri»ourc« managers; (3) researchers in ocodemic, industrial, 
and government areas; and (4) a variety of business people 
and educators. In addition, it must be recognized that there 
is cr international demand for these data as welt as a 
domestic on". 

Improved comprehensive land cover cartographic 
information is required to increase the usefulness of 
resource maps utilizing the U.S. Geological Survey mapping 
scheme developed in USGS Professional Paper 964. More 
complete Level II category classification is needed for users 
at the Federal, State, ond local levels. 

Timely data are required by resource planners and man- 
agers to facilitate the development of regional data bases 
where data are collected and analyzed over large geographic 
areas within o narrow time window. Current (arid cover 
information is required for the 300 major metropolitan areas 
throughout the United States. In many areas, large area 
coveroge over multiple swath-widths is required within a 
,hr ee-month period to support a number of state ond 
federally mandated data base programs. Cloud-free 
coveroge will continue to be a major element in the uniform 
collection of the resource information over large areas until 
such time as either geosynchronous or high resolution 
orbiting systems can close this portion of the (tata gap. An 
active microwave system might be required to provide all 
dato of o given area in times of severe cloud cover to meet 
o given time schedule for inventory. It is emphasized again 
here, as in the earlier report, that most often such o system 
would be employed to assist in tbe extrapolation of informa- 
tion collected and anolyzed in I ond use/lond cover in the vis- 
ible and near-infrared region from cloud-free areas to cloud- 
covered areas. 

Finally, with respect to (fisaster monitoring, frequent 
surveys of disaster areos are required for satisfactory 
estimation of the intensity or extent of domoge. This 
requires the ability to monitor the site through cloud cover, 
dense smoke, ond at night. Such phenomena os tornados, 
hurricanes, floods, forest ond range fire damoge, and coastal 
shoreline overwash by storm surge waves require monitoring. 
It information on the type ond extent of damoge due to such 
disasters is important and this type of dota needs to be 
rapidly obtained, then a pursuosive case fat research on the 
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potential for obtaining pertinent land cover data from 
microwave systems under such conditions can be made. This 
is so even given the potentiol for high resolution visible and 
Infrared sensors, or the possibility of high resolution 
geostationary platforms. What is critical is the need to 
know if active microwave data will give an adequate 
assessment of the state of the land surfoce upon which relief 
or mitigation decisions can be made. 

In order to address these needs, the Applications Working 
Group identified a number of investigations to be performed 
in a phased approoch. These investigations include analyses 
ofi 

1. Ground-based versus airborne versus space borne ac- 
tive microwave data. 

2. Investigation of the impact of radar systems para- 
meters on land use/ land cover signatures. 

3. Assessment of the cartographic accuracy of SAR. 

4. Simultaneous multi -parameter SAR investigations. 

They concluded that! "several important resource ap- 
plication areas have been identified that could benefit from 
utilizing SAR data in the mapping scheme." The 
Applications Working Group recommended that NASA 
develop a series of experiments which would provide a 
quantitative evaluation of the potential application areas 
identified in their report. Additional requirements oret 

1. Distribute Seosot SAR data to a wider user 
community. 

2. Develop a spoceborne SAR program as a means of 
continuing to furnish microwave image data compatible with 
Land sat -D data. 

3. Support the development and evaluation of MSS and 
SAR data integration and thematic classification techniques 
for land cover /resource mapping. 

4. Evaluate multi-channel and multi-polarization 
imagery for its potential improvement to land cover 
mapping over single channel SAR data. 

A summory of the findings of the Applications Working 
Group concerning the information needed to establish the u- 
tility o? active microwave data listed two major research 
drivers! 

1. Document the potential of radar imoge data used 
independently ond/or in conjuction with visible/infrared 
imoge data for improving urban area boundary delineation 
and urban land cover classification accuracy in both manual 
and automatic mapping end Ihemutic classification. 
Included here would be an analysis of rodar parameters such 
as resolution, azimuthal look direction, wavelength, 
polarization, ond incident angle. 

2. Establish the value of radar /Landsat composite data 
for improved land cover/ imd resources mapping with 
emphasis on multi -frequency, multi -polarize? on r ..Oar data. 

The recommended research program plan oddi esses these 
reseorch topic areas in o coherent manner. 

To date, most research which has been conducted has not 
focused on land cover analysis. What research does exist in 
the land cover area has been gleaned from various sources, 
olmost in a random manner, as an addendum to projects de- 
voted to other earth resources investigations. It is only 
through the efforts of •(•dependent investigators, operating 
with their own or very limited funding that the present, lim- 
ited data base exists. 

Given the need to acquire land cover information as an 
end product ond os a data base for related ear.h resources 
crxjlyses, e.g., energy studies, coastal zone management, 
urban growth, environmental monitoring, it is imperative 
that an organized research program be initiated. 

APPROACH 

To provide a basic definition of land cover for use 
thioughout the land cover research program described 
below, the land cover classification system defined in USGS 
Professional Paper 964 (Tabled) was odopteo. Level II was 
selected <» the appropriate level of detail to work towards 
in this research program. 

Theoretical and empirical active microwave research in 


nonurban land cover, e.g., crop land, rangeland, forest land, 
woter, will be oddressed to a large extent by the other 
panels. Much relevant land cover data gained through re- 
research In these areas can be extrapolated for use by those 
involved in NASA and other related land use/kmd cover re- 
seorch programs. Therefore, the primary concern of this 
panel has been the development of experiments which focus 
primarily, but not exclusively, on the urban/suburban and 
urban fringe zones and wetlands areas not currently being 
investigated in cry consistent fashion. These areas, 
however, are of critical concern to resource managers as 
both the habitat of man, and of many rare and endangered 
species. 

Within the land cover category classification scheme em- 
ployed, priority should be given to the following elemental 

1. Residential. 

2. Strip and clustered sett lenient, 

3. Open areos and transition areas on the urban fringe. 

4. Extractive activities. 

5. Vegetated wetlands. 


TABLE 4. LAND-USE CLASSIFICATION SYSTEM 
FOR USE WITH REMOTE SENSOR OAT A* 


LEVEL 1 

LEVEl II 

Urban and but 1 t-up 

Residential . 

land. 

Commercial and services. 

Industrial 

Extractive. 

Transportation, communica- 
tions, and util (ties. 
Institutional . 

Strip and clustered 
settlement. 

Mixed . 

Open and other. 

Agricultural land.. 

Cropland and pasture. 
Orchards, groves, bush 
fruits, vineyards, and 
horticultural areas. 
Feeding operations. 

Other. 

Rangeland 

Grass . 

Savannas (palmetto 
prairies) . 
Chaparral . 

Desert shrub. 

Forest land 

Deciduous. 

Evergreen 

(coniferous and other). 
Mixed . 

Water 

Streams and waterways. 
Lakes. 

Reservoi rs . 

Bays and estuaries. 
Other . 

Nonforested 


wet 1 and 

Vegetated . 
Bare. 

Barren land 

Salt flats. 

Beaches . 

Sand other than beaches. 
Bare exposed rock. 

Other . 

Tundra 

Tundra . 

Permanent snow and 


cef iel ds 

Permanent snow and 
icefields. 


a C I ass i f i ca t ion system defined in USGS "rofession- 
a! Paper No. 964 (1976). 
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These are the land cover components about which it is 
believed active microwave data can contribute information 
because of the unique nature of octive microwave data, e.g., 
sensitivity to moisture in the caw r f wetlands, the potentiol 
for providing unique textural information in urban, strip and 
clustered, and open and tran>;*ional areas. These types of 
information, particularly those oo'-ig with the urban and 
rural/ urban fringe, ore importont for planning purposes and 
as Input to environmental monitoring and change detection 
models. Moreover, the) are components that, because of 
their geometry, morphology, and texture poromefers, may 
prove most susceptible to analysis using octive microwave 
dato. 

The surface texture component obtainable with imaging 
radar sensors, when added to the conventional multispectral 
thematic classification chemes, may provide two Importont 
inputs: (I) category boundary delineation where field and 
roodway boundaries that enclose and characterize each land 
cover category ore shorply delineated; end (2) improved cat- 
egory classification occur ocy due to the potentially unique 
texture component in active microwave sensor data that 
may be added to visible sensor data. The surface texture 
component is particularly suited to assisting the identifi- 
cation and boundary delineation of culturol patterns on the 
landscape. As the patterns produced by human activity 
differ from those occurring naturally, i.e., more straight 
lines with angular surfaces of more uniform dimensions, 
active microwave sensor data eppeor to offer the potential 
for assisting in the accurate, timely delineation of urban 
land cover types. 

Development of change detection techniques for t'se 
monitoring of residential expansion in the urban fringe zone 
is o requirement that is mandated by the U.S. Bureau of 
Census. Delineation of this urban fringe zone is used as a 
basis for the distribution of monies to local governments 
from a number of federal funding programs. As stated 
above, as naturally-developed and culturally-derived 
components typically produce shapes of different types, 
boundary delineation could potentially be assisted by the 
oddition of active microwave data. The potentiol occur ocy 
improvement derived through the oddition of such a system, 
however, needs to be addressed in o coherent research 
program. 

Monitoring the conversion of agricultural lands to urban 
development is of considerable interest to the resource 
manoger. Conventional Londsat multispectral classification 
has limitations due to ihe similarities in spectral signatures 
of residential areas and certain agricultural practices. Here 
again the geometry of cultural features is significant and 
until such time as it is proved that higher spatial ond 
spectral resolution visible sensors coi adequately resolve 
these conflicts in classification with acceptable occur ocies, 
octive microwave research should oddress this important 
user data need. 

Improved identification and inventory techniques ore 
needed to mop surface strip mines in the eastern ond 
western regions of the U.S. This information is required on 
both the federal ond state level. Landform identification 
and terrain analysis are required as input to the area strip 
mining data base. The ability to evaluote the excava’.on 
and reclamation activities over o large geographic area is 
also o user data need. An importont element in this 
extractive category is the identification of abandoned mine 
lands. Reclamation requires the ability to identify altered 
surface topography such as contour mining and mountain 
removal, through regrown vegetative ground cover. This 
may be oided by o surface texture element in the spectral 
classifier, which con be ochieved with r odor data. The 
federal government is placing a tax on each ton of cool to 
provide a multimillion dollar fund for the reclamation of the 
abandoned mine lands. 

Forested wetlands identification and mapping require the 
delineation of basic species level dato: deciduous, 

coniferous, and mixed. Surface texture data could provide 
additional information related to height and density of 


vegetation as associated with varying water regimes and, 
therefore, enhance the occur ocy of delineating forts ted 
wetlands. Accurate delineation of coastal wetland 
boundaries hinges on the ability of radar to penetrate 
vegetation cover (morth or floating aquatic plants), and 
indicate whether the underlying surface is land or water. 

Existing techniques of marsh/wetland productivity esti- 
mation provide far delineation of different species of marsh 
grasses, but fail to detect the inundating standing water be- 
neath the marsh grasses. The inundating woter boundary is o 
significant parameter that affects marsh productivity. Mi- 
crowave dato may provide the boundary of wet and dry 
marsh and thereby lead to a more accurate estimate of the 
productivity of marsh grass areas. 

The panel believes that three major components of the 
radar/land cover interface must be explored to document 
the utility and potential contribution of rodir dato for land 
cover analyses: 

1 . The relationship of radar system, environment::!, and 
time parameters to land cover mapping information; 

2. Improved preprocessing and classification procedures 
to facilitate the extraction of critical data uniquely avail- 
able from octive microwave seniors, e-g., textural informa- 
tion, information of the presence of moisture, enhancement 
of man-made structures; and, 

3. Cartographic properties and planimetric accuracies 
of rodar dota. 

The first two tasks are considered top priorities in asses- 
sing the role of rodar for land cover analysis. Only offer the 
texture/geometry contributions of rodar data hove been 
established will the methods and problem of cartographic 
display be pertinent. However, the third task will be critical 
regardless of the nature of these findings. Much of the wc*k 
of the other panels will require cartographic (map) display. 
Moreover, if rodar data are to be integrated with a merged 
into (along with other sensor and ancillary data) geo-based 
or geo- referenced information systems for modeling and 
analysis, the techniques and procedures for registering such 
multidimensional data to o common base must be defined 
and addressed. For these reasons, the third task should be 
pursued independent of the results and conclusions derived 
from the first two tasks. 

TASKS 

The research program envisioned by the Progrom Defini- 
tion Working Group Land Cover Panel is comprised of three 
distinct but interrelated tasks that address the data needs 
loid out by the ERSAR Applications Working Group. Eoch 
research task is dependent upon the other to fully assess and 
comprehend the utility of octive microwave dota for land 
cover data studies. The level of detail and category 
classification system employed by the Land Cover Panel Is 
designed to utilize data obtained from research conducted 
by the other panels to as great an extent as possible, e.g., 
crop land, pasture, and rangeland dota can be extrapolated 
from the Agriculture Panel progrom. The decision to focus 
efforts on urban/suburban and wetlands classification end in 
the urban fr ige zone is based on this fact: no other panel 
will likely adequately oddress the octive microwave research 
needs in these areas of critical concern. Concommitontly, 
results of the recommended Iheoreticol and empirical 
research can be adapted readily to non- urban land cover 
data. 

Foremost in the understanding of the radar bock scat ter 
signal in urban/suburban and wetland environments is the 
collection of airborne and/or helicopter scat ter ometer dato. 
No empirical dato of this type exists for such environments; 
making interpretation of subsequent active microwave 
imagery difficult. Therefore, there is o strong need for o 
thoughtful field spectra effort in order to model and 
understand the complex nature of octive microwave returns 
in these environments. 

Second in priority is the acquisition and wide dissemina- 
tion of comprehensive octive microwave multi -par ometer 


22 


data sets to test hypot! tests. These data sets should be 
developed over time in conjunction with the field spectra 
data acquisition program, and be comprised of both aircraft 
and spacecraft data for selected test sites. The choice of 
test sites with respect to their physical and cultural 
diversity is critical. If properly done, this will allow 
determination of whether or not various rodcr parameters 
have Somatic effects on data/information derivation 
potential when such parameters are applied over diverse 
environments. 

Active microwave data must be successfully incorpor- 
ated with other remotely sensed and ancillary data if it is to 
be useful for land cover mapping. The current knowledge of 
digital SAR preprocessing aid its use in pattern recognition 
procedures is woefully inadequate. A considerable research 
effort will be required to identify those preprocessing and 
classification algorithms which are optimum in extracting 
the maximum land cover data from radar data, and for 
incorporating radar data into the mainstream of other land 
cover inventories. Preprocessing challenges include, among 
others: (I) how to rectify SAR data to other dato sets, and 
what is the RMS accuracy expected; (2) what preprocessing 
algorithms ore ideal to create radar "feature" images which 
maintain the important surfoct roughness (textural) dato as 
spatial information; and (3) what new or hybrid classification 
algorithms, e.g., combining maximum iikelihoo with syn- 
tactic, con be developed to use the unique data present in 
these preproce' ssd radar dato in c rrare effective and ef- 
ficient manner? 

TASK I: Relationship of Rodor System, Environmental, and 
Time Pa r ameters to Land Cover Mapping 
Information 

The objective of this to*k is to provide an active micro- 
wave multi-para neter data set, complemented by more con- 
ventional se isors (I) of urban and rural /urban friige areas 
through time in diverse environmental and morphological 
settings, ond (2) of forested wetland areas to determine the 
impact of various radar system parameters on the data/in- 
formation extraction potential of these high priority land 
cover signatures. 

A two-stage approach is recommended: 

I. Collect microwave spectra of urban and rurai -urban 
fringe sites ever o range from 2-18 GHz and at different 
look directions, polarizations, ond depression angles for o set 
of Level II land cover categories using on airborne or 
helicopter mounted spectrometer. 

L Operate a complete multi -parameter complement of 
existing micr wave sensors systems, e.g., airborne X, K, and 
L-bonds, over eight North American cities with diverse bio- 
cultural environments and physiographic settings at 
different seasons. Microwave, system parameters which 
maximize rekvv.it information confer will be determined. 
Interface mechanisms will be developed for combining radar 
and other types of remoteiy sensed data. Evaluation of the 
/Otentiol improvements to lend cover classification made by 
the addition of radar data will be cc'ried out. 

At the piesent time, there are no active microwave 
spectra of urban and near urban areas to define optimum 
active microwave systems parameters and to model dato 
content in o predictive fashion. This task will permit the 
effects of urban morphology and geometry to be modeled in 
g r ore meoningf-:! way with respect to the potential of the 
radar textural c ~ vonent. in addition, potential channels of 
information unu^c I r c.*ar can be more effectively 

ascertained and tested in empirical investigations. For x - 
omple, do diveise residential, conwnercial strip, and urban 
fringe areas have unique rextural signatures that can be 
modeied; and, if successful, will this improve the potential 
tor accure’ely chorocterizi.y ‘ ?se Tea s' 7 

There is a need for a syst-matic analysis procedure for 
mul .i -sens or data sets for areas cf lam* cover classified as 
urban, suburban, end wetland. To conduct sixrh research and 
to reach ’lid conclusions, there is also a need to conduct 


the analyses on a diverse set of environmental scenes and 
temporal sequences, particularly within the realm of urban, 
suburban, and urban fringe land cover condit'ons. Through a 
uniform data collection technique, standardized procedures, 
and interface techniques, the environmental and temporal 
variables which can be measured with active microwave 
sensors can and wilt be quantitatively identified. Data sets 
obtained should be made available as open file data (at cost 
of production) to qualified scientists. 

This task should provide a set of models of derived back- 
scatter data to define optimum radar system parameters for 
airborne/spaceborne SAR systems for the generation of user 
defined data in the urban ond near urban areas of the United 
States jvl eventually the entire globe. By modeling and 
predicting land cover spectra, simulated data can be 
compared with those data obtained by specific existing 
aircraft/spacecraff microwave systems (Task 2), and theory 
modified accordingly. Dato con also be interpolated 
between known data points, e.g., K, X, L -bands, for 
scotterometer and aircraft dato and for ail intermediate 
active microwave bands. These data can then, if found valid 
and useful through verification of model results, provide the 
underpinnings for the design of future radar systems for long 
range Icr't cover investigations. 

Results of this research should c >o lead to an empirical 
determination of which active microwave systems para- 
meters ore optimum fur Level It land cover classification. 
In addition, these data can be used to refine the knowledge 
concerning optimum radar system configuration over diverse 
environmental conditions. These conclusions will be derived 
from (I) a set of validated microwave system parameters 
ranked by their contribution to improved information 
content; (2) documented dato overlay and integration 
techniques for microwave data; (3) a model for testing 
microwave data classification improvement for diverse 
cove, types throughout the United States; and (4) 
standardized format for microwave data sets for eight test 
sites across the U.S. 

An n - dimensional matrix can be utilized to define para- 
meters for evaluation and prioritize parameters far 
evaluation ond testing. Airborne radar systems should be 
flown at different seasons over the greater Los Angeles, 
Seattle, Atlanta, Houston, Washington, D.C., Indianapolis, 
Denver, and Toronto metropolitan areas. Available 
reformatting and overlay programs for registration of dato 
sets will be tested. An automated georeferenced data base 
for test sites will be utilized to evaluate classification and 
land cover data improvements. 

A 5-6 man-year effort, plus data acquisition and proces- 
sing costs, is required over o 4-year period. The required 
helicopter-based sensor is a new development item. 


TASK 2: Improved Processing and Classification Procedures 
for Rodor Data 

The objective of this task is to identify preprocessing 
and/or classification algorithms which optimize urban/sub- 
urban and wetlands land cover classification wtien SAR data 
are used as jn input to pattern recognition procedures. 

There has been a substantial discussion concerning the 
use of digital active microware data os on additional data 
plane in pattern recognition procedures. Research results by 
JPL ar-d NS T L personnel appear promising. However, the 
incorporation of rodor as an additional channel will require 
further development to optimize the contribution of SAR 
data to overall 1 md cover classification. The development 
of new, and improvement of existing algorithms is also 
essential in extracting maximum data content from SAR 
imagery for definition of textural contribute - 1 and for the 
effective analysis of merged multi-sensor data sets. In 
defining the potential of radar systems for land cover analy- 
sis, it is of critical importance that such software paramet- 
ers be explored in the I : gh1 of both systems and environmen- 
tal variables. 


The recommended approach is toi 

1. Identify existing preprocessing and classification 
logic involving the use of digital radar data. 

2. Evaluate existing methods on controlled data sets. 

3. Develop improved preprocessing or classification 
algorithms as required. 

This work will involve analysis of aircraft and spacecraft 
active microwave data and field spectra results. Active 
microwave data can be usea in the pattern recognition 
procedure in one of two general formats. First, if multi- 
parameter SAR digital data are provided, it is possible, 
theoretically, to perform discriminant anolysis as syntactic 
classification on the rectified data set. Second, the SAR 
digital data may be used as an additional spectral channel, 
along with other data such as Landsat. In this latter case, 
the microwave data could be either raw or preprocessed to 
derive an image of texture as it is defined in the pattern 
recognition literature. In either case, algorithms must be 
identified which moke maximum use of the SAR image 
content. Specific elements of this problem are* 

1. Identify existing preprocessing and classification 
procedures. 

2. Obtain control active microwave data sets and/or 
other spectral data sets from the eight U.S. test sites. 

3. Preprocess to "texture" and other features and apply 
classification algorithms to SAR data alone and in 
conjunction with other spectre! data. 

4. Assess classification performance by comparing with 
field verified test sites. 

5. Based on results obtained and findings of the fie>d 
spectra work described above, propose and test alternative 
preprocessing and classification algorithms. 

6. Extend algorithms to each of the test sites to assess 
the influence of environmental change. 

7. Prioritize preprocessing and classification 
alternatives for occurate, timely land cover inventories. 

This work will document and prioritize preprocessing and 
classification procedures for improved urban /suburban land 
cover classification, as well as wetland monitoring and 
inventory. From these data, the potential of active 
microwave for hazard monitoring and for other related land 
cover applications can be documented. T.,e none I belir/es 
that this software development must ceccr in conjunction 
with investigation of urban spectra modeling and 
system/environment parameters. Each is important in the 
defini*ion of the types of information available through 
active microwave systems, particular!/ as they pertain to 
textural, bockscatter, and feature geometry/morphology. 

This task will require 12 man-years over a four-year 
period, plus 500 hours of computer time. 

T ASK 3: Cortoqrophie Properties and Plonirnetric Accur- 

acies of Rodor Data 

The objective of this task is to determine the map 
accuracy of multiple SAR image data sets over the same 
scene. A need common to all levels of applications of 
digital tmoge data sets is geometric rectification to ground 
coordinate systems. The ecse with which spaceborne SAR 
digitol imagery can lie co-registered with other earth ob- 
servations irnogery and other geo-coded data, wilt determine 
the rote at which it can be incorporated not only into land 
cover applications, but geology, agriculture, and other earth 
resource applications as well. 

Ultimately, mast earth resource information obtained 
from SAP data will be related to surfoce data or displayed 
in cartographic format. The dawinq of conclusions from 
tile imagery either in an operational or research application 
will, to a greater or lesser degree, depend upon the users' 
confidence that an observation in the SAR data can be 
located in map space and compared wilh other mapped data 
sets. In addition, qeometric rectification is a necessary step 
if the SAR itnto are to be merged with complementary 
multispectral one ancillary data, e.g.. Landsat, diqitol 
terrain, or seismic data. 


At a minimum, on expariment should be performed to de- 
termine the feasibility of SAR image data to meet National 
Map Accuracy Standards at a scale of at least 1 >250,000 and 
preferable I >100,000. Test sites should include flat terrain, 
e.g., Houston, Texas; undulating terrain, e.g., Washington, 
D.C.i and mountainous terrain, e.g., Seattle, Washington. 
Seasat SAR and SIR digital data sets for each terrain type 
taken at different dates and for ascending and descending 
orbits should be analysed for the degree of local 
misregistration (RMS error) between ground control points 
that occur due to (o) orbit parameter calibration sensitivity, 
and (b) horizontal displacement associated with terrain. 
This will require a systematic analysis and programming 
effort to utilize digital terrain files to assist in 
compensating for horizontal offset caused by look angle, and 
to assist in providing an understand' ng of tlw limits inherent 
in topography compensation procedures. Specific elements 
to this task are: 

1. Select test areas in association with the USGS 
Mapping Division. 

2. Obtain Seasat SAR digital image data sets for test 
areas based upon latest approved calibration algorithms. 

3. Determine RMS error of approximately 25 evenly dis- 
tributed points aver each SAR data set to which ephemeris 
calibration has been applied. 

4. Apply co-registration of mm ti -date and ascending and 
descending data sets for each scene and determine RMS 
error of local misregistration between ground control points. 

5. Model photogrammetric properties of horizontal dis- 
placements expected from spaceborne SAR systems due to 
topographic displacement and implement appropriate 
algorithms. 

6. Apply digitol terrain model compensation to SAR 
imagery and determine the degree of improvement in co- 
registration of the multiple SAR data sets with regard to 
RMS error of local misregistration between ground control 
points. 

7. Determine compatability with other sensor systems 
ond data types necessary to insure efficient co-registration 
of multiple data sets. 

This effort should result in a definitive statement on the 
ease of multiple SAR data set registration and the RMS pos- 
itioning accuracy to be expected unde' various terrain con- 
ditions tor co-registration of digital SAR images obtained 
from space platforms with other space-derived imagery. 

A critical element in the potential of radar data for land 
cover analysis is the ability to merge such data with other 
land cover data derived from other remote sensing systems, 
as well as existing traditional data bases. Moreover, the 
ability to display radar data in compatible mop format for 
other earth resource applications, e.g., ogriculture, forestry, 
water, is of equal importance. This task oddresses and 
answers the question of the methods and techniques whereby 
radar data con be merged into multi -discipline geo -based 
earth resource information systems. 

The effort required is about 2 man-years per year over a 
3-yeor period, plus 300 - 500 hours of computer time. 

EXPECTED RESULT S 

If NASA odopts and vigorously pursues the Land Cover 
research tasks set forth in this document, the panel feels the 
following advances in the current state of knowledge will 
occur: 

1. Est, 'ish a set at theoretical models that will define 
and characterize the relationship between radar bockscatter 
and land cover types; 

2. Gain on unde 1 standing of tb» effects of rodor system 
parameters on thy ability to define specific I ond cover 
types; 

3. Improved under* tandinq of the influence of 
environmental change on rodor 'ockscatter response for 
specific cover types; 

Document optimum parameters for acquiring land 
cover data within specific environments; very importantly, 
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5. Develop preprocessing and classification algorithms 
as input to pattern recognition procedures; and, 

6. Assess the ability of active microwave data to meet 
planimetric requirements specified by the National Map 
Accuracy Standards. 

WATER, ICE, AND SNOW 

The research needs set forth in the ERSAR Applications 
Working Group Report were used os o storting point for 
defining an experimental program to acquire information to 
establish the validity and usefulness of active microwave 
data for accomplishing water, ice, and snow applications. 
These research needs were reviewed and generally accepted. 
Additio.ial needs were identified by this panel. In most 
cases, the panel attempted to establish application needs 
and devise experiments that would reveal the true informa- 
tion content of the active microwave sensors, and their 
relative importance compared to other sensors. The panel 
addressed the research needs in hydrology; soil moisture; 
snowpack properties; sea, loke, and river ice; and glaciers 
and ice sheets. 

In the four major subgroups, specific experiments were 
defined to deal with the research needs identified. Within 
each of the subgroups, the experiments were prioritized on 
the basis of those expected to yield the greatest improve- 
ment in state-of-knowledge and importance to the discipline. 
Those prio. ities ares 

Hydrology 

1. Rainfall 

2. Hydrologic Models 

3. Runoff Coefficients 

4. Spatial Variability and Scale of Hydrological ly 

Homogeneous Areas 

5. Flood M- iping 

6. Groundwater 

7. Watershed Characteristics 

Soil Moisture 

I Basic Energy Interactions 

2. Algorithm Development 

3. System Verification and Spatial Testing 

4. Spoce borne System Specification 

Snowpock Properties 

I. Monitoring and Modeling of Snowpack Characteristics 

Sea, Loke, River Ice 

1. Winter Pock Ice 

2. Ice Edge 

3. Summer Ice 

Glaciers and Ice Sheets 

i” Glacier and Ice Sheet Study 

2. Polar Ice Sheet Soundings 

3. Interpretation of Radar Altimetry Data 

The specific objectives of the recommended experiments 
program : or water, ice, and snow applications are: 

I. Evaluate the measurement capability of active mi- 
crowave sensors for improving the understanding of hydro- 
logical processes. 

a. Assess the potential of active microwave sensors 
for measuring rote and areal extent of precipitation over 
land surfoces. 

b. Assess the incremental effects (improvements or 
degradations) due to use of visibie/infrared, passive micro- 
wave, and active microwave data when used in various 
hydrologic models. 

c. Determine if specific sensors or combination of 
sensors can be used to remotely measure a runoff coeffi- 
cient fcr use in lumped watershed models. 

d. Develop methods to menscxe the spatial varia- 
bility of hydrologic parameters and variables. Determine 
the scale (size) of hydrologic cnits that are importan* for 
various applicaiions, and develop criteria for delineating 
areas that con oe treated os hydro logically uniform. 

e. Determine areal extent of flocding world-wide, 
a d generate time-area curves of inundation (how long an 
area below selected elevators is underwater). 


f. Develop methods for estimating parameters and 
delineating area for conjunctive management of surface 
and subsurface water. Identify groundwater recharge and 
discharge areas in complex watersheds. Develop methods 
for conducting resource inventory of groundwater by identi- 
fying seeps and springs, and quantifying seasonal charges of 
groundwater elevation. 

g. Develop a system to automatically measure the 
physical characteristics of watersheds, and to format these 
dota for direct use in hydrologic models. 

2. Establish that a useful er imate of soil moisture can 
be mode with active microwave sensor beta. 

o. Determine the dependence of Fvt permittivity of 
soils on soil texture, soil constituents (salinity, cloy type), 
soil water state (frozen/unfrozen, soil 'voter potential 
energy), and the measurement wavelength. 

b. Develop analytical models of electromagnetic 
scattering and emission in the microwave region of the 
spectrum. 

c. Develop and validate soil water budget and hydro- 
logic models that accept remotely sensed data as input. 

3. Determine the relative importance of active micro- 
wave sensor dota in relation to passive microwave, thermal 
infrared, ond visible/infrared sensor data for snowpack 
monitoring. 

4. Document the capabilities of active microwave sen- 
sors to record operationally useful information on floating 
ice characteristics. 

a. Develop techniques to acquire and convert SAR 
image data to useful information products in a time frame 
consistent with the dynamic nature of floating ice pheno- 
mena. 

b. Develop methods to incorporate SAR image data 
into current ice models and operating systems in ice regions. 

c. Determine the geophysical properties of ice that 
influence the behavior of radar bockscatter from floating 
ice, including ice type, composition, ond surface roughness. 

5. Define the potential of active microwave sensor data 
for studies of glaciers and ice sheets. 

This research program concentrates for the most part on 
providing a detailed understanding of the active microwave 
information content in eoch of the subgroup areas. Experi- 
ments are designed with the need for detailed, supporting 
ground-truth in mind in all coses. Interpretation of whot the 
active sensors are recording can be no better than the 
knowledge of the surface conditions. In addition, the 
experiments shook) be carried out with several types of 
sensors (oc .ve, passive, thermal, ond visible) operating 
concurrently over the some study area. This will allow o 
realistic interpretation of the relative importance of active 
microwave techniques compared to other remote sensing 
approaches. 

The use of truck -mounted systems is strongly advocated 
in the soil moisture and snowpock properties experiments. 
Existing truck capabilities have to be upgroded ond exponded 
to permit collection of odequate field dota. The aircraft 
SLppor? called for will require an increased emphasis on the 
use of active ond passive sensors flown in tandem, and an 
increase in aircraft hours available for these flights. Table 5 
lists the sensors required for each experiment. Table 6 
identifies the require) platforms. 

The Hydrology subgroup and the Soil Moisture and Snow- 
pock Properties subgroups are closely interrelated. In most 
cases snowpacx and soil moisture would be a subset of 
hydrology, but because of their significant importance ond 
tlie positive potentials f or using active microwave effec- 
tively in these areas, they ore treated separately. These 
programs should be conducted in an integrated fashion 
because of the close relationships. The Seo, Lake, ond River 
Ice subgroup is significantly seporote from th- others 
because it i$ conducted over water rather "* * % the 

scale is considerably different, end frequency * srage is 
generally greater. 

By conducting the listed experimer ,, it is expected that 
n quantitative understanding of the effect of various 
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ORIGINAL Pr j 
OF POOR QUALITY 


TABLE 5. SENSORS REOUIREO BY 

EXPERIMENT 







SCATTER- 

RADAR 

PASSIVE 

THERMAL 



SAR 

OUTERS 

A£M£T£A 

MICROWAVE 

infrared 

VISIBLE 

HYDROLOGY 







1. RAINFALL 

X 

X 


X 

X 

X 

2. MODELING 

X 

X 

X 

X 

X 

X 

3. RUNOFF COEFFICIENT 

X 

X 


X 

X 

X 

4. SPATIAL VARIATION B SCALE 

X 


X 


X 

X 

S. FLOOD MAPPING 

X 


X 


X 

X 

B. GROUNDWATER 

X 

• 


X 

X 

X 

7. WATERSHED CHARACTERISTIC 

X 


X 


X 

X 

SOIL MOISTURE 







1. BASIC ENERGY INTERACTIONS 




X 

X 

X 

2. ALGORITHM DEVELOPMENT 




X 

X 

X 

S. SYSTEM VERIFICATION 

X 

X 


X 

X 

X 

4. SPACEBORNE SYSTEM SPEC 

X 

X 


X 

X 

X 

SNOWPACK PROPERTIES 







1. MONITORING B MODELING 

X 

X 


X 

X 

X 

SEA, LAKE B RIVER ICE 







1. WINTER PACK 

X 

X 

X 

X 

X 


2. ICE EDGE 

X 

X 

X 

X 

X 

X 

3. SUMMER ICE 

X 

X 

X 

X 

X 

X 

4. TOTAL PAYLOAD STUOY 

X 

X 

X 

X 

X 

X 

G> ACIERS E. ICC SHEETS 







1. GLACIER BICE SHEET STUDY 

X 






2. POLAR ICE SHEET SOUNDINGS 


X 

X* 




3. RADAR ALTIMETRY STUOY 



X 




1-USE RADIO- ECHO SOUNDER 

i 








TABLE 6. MEASUREMENT PLATFORMS REQUIRED BY EXPERIMENT 





GROUND 

TRUCK 






DATA 

MOUNTED 

HELICOPTER 


AIRPLANE 

SPACECRAFT 

hydrology 







1. RAINFALL 

X 




X 


2. MOOELING 

X 

X 

X 

OR 

X 

X 

3. RUNOFF COEFFICIENT 

X 

X 

X 

OR 

X 

X 

4. SPATIAL VAR B SCALE 

X 

X 

X 

OR 

X 

X 

S. FLOOD MAPPING 

X 




X 

X 

«. GROUNDWATER 

X 

X 

X 

OR 

X 

X 

7. WATERSHED CHARACTERISTICS 

X 

X 

X 

OR 

X 

X 

SOIL MOISTURE 







1. BASIC ENERGY INTERACTIONS 

X 

X 





2 ALGORITHM DEVELOPMENT 

X 

X 





3. SYSTEM VERIFICATION 

X 

X 



X 

X 

4. SPACEBORNE SYSTEM SPEC 

X 




X 

X 

SNOWPACK PROPERTIES 







l. MONITORING B MOOELING 

X 1 

X* 

X 


X 

X 

SEA, LAKE, RIVER ICE 







1. WINTER PACK 

X 

X* 

X 


X 

X 

2 ICE EDGE 

X 

X* 

X 


X 

X 

3. SUMMER ice 

X 

X* 

X 


X 

X 

4. TOTAL PAYLOAD STUDY 







GLACIERS B ICE SHEETS 







1 GLACIER BICE SHEET STUDY 

X 




X 

X 

2 POLAR ICE SHEET SOUNOINGS 

X 

X 



X 

X 

J RADAR ALTIMETRY STUDY 

X 




X 

X 

I . FIVE GROUND TRUCK VANS INSTRUMENTEO , ONE FOR EACH STUDY SITE 



I-FIVE THUC* MOUNTED MULTISENSO* systems, one 50* 

EACH STUOY 

SITE 



1 - VANS CAN BE DEPLOYED VIA ICEBREAKERS 

1 
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hydrologic and cryospheric variables on the active micro- 
wave response can be achieved. This will result in a signi- 
ficant improvement in the state-of-knowledge. At this point 
there is only a rudimentary qualitative understanding of the 
active microwave processes in this application area. 

HYDROLOGY 

RESEARCH NEEDS 

The experiments program recommended in this research 
area addresses the needs defined by the ERSAR Applications 
Working Group. These are: 

1. Determine the hydrologic significance of microwave 
measurements as affected by vegetation, soil type, rough- 
ness, and soil moisture. 

2. Develop procedures to extract direct measurements 
of these four factors from remotely sensed microwave data, 
or develop a hydrologic equivalent that encompasses all four 
factors. 

3. Investigate the size of hydrological I y homogeneous 
areas that can be represented by single measurements. 

4. Determine the scale of hydrologic units that can be 
lumped with predictable losses in sensitivity. 

5. Investigate the possibility of measuring rainfall input 
to hydrologic areas with radar sensors. Two issues should be 
addressed: 

a. Determine effective isohyetal maps of rainfall in- 
put to large areas for water balance calculations (agricu- 
lture yield, drought, and water resource management.) 

b. Determine if real-time estimates of rainfoll rates 
and/or amounts can be estimated for real-time flood 
forecasting. 

6. Investigate the use of SAR in groundwater resource 
management. Three items should be addressed: 

a. Identification of groundwater recharge and dis- 
charge areas for general planning, as well as solid and liquid 
waste disposal. 

b. Resource inventory including springs and seasonal 
changes in groundwater elevation. 

c. Procedures for conjunctive management of sur- 
face and subsurface water. 

approach 

The research needs call for two types of program activi- 
ties: one devoted to description of hydrologic processes in 
terms that are compatible with area -ex tensive input data, 
and one devoted to determine the capability of active 
microwave sensors to measure tire parameters which in- 
fluence hydrologic processes. The program plans defines 
these two activities, which this panel recommends be 
conducted concurrently. 

In view of the fact that at present there are few viable 
hydrologic models suitable for use with area-extensive 
remotely sensed data, it is mandatory that hydrologic model 
development and remote sensing capability be developed in 
concert. This requires the formation of o dedicated team of 
hydrologists and sensing researchers workirj together to 
accomplish the program objectives. 

The hydrologists should be primarily concerned with 
conducting the program elements described below under the 
title, Description of Hydrologic Processe s. The sensing 
researchers should be primarily concerned with the program 
elements entitle-.!: Influence of Watershed Parameters on 

Rodar Backseat ter Measurements ^ Both groups should 
mo'mtoin close interaction because of fht complex interre- 
lationships between the two task areas. 

TASKS 

Descript' on of Hydrologic Processes - This program activity 
has as on overall objective the determination an an approach 
to describing hydrologic processes in terms that are compa- 
tible with remotely sensed data inputs. 


TASK ^ Sensitivity Study of Hydrotooic Models 

The objective of this task is to determine advantages 
and/or disadvantages of describing hydrologic processes with 
models structured to accept remotely sensed data at 
primary input. 

The approach to be employed consists of systematically 
categorizing existing hydrologic models) identifying the 
input parameters required in eoch model and assessing the 
practicality of obtaining these parameters from remotely 
sensed data; and determining the sensitivity of the model to 
this change in the source of input data. 

To date, no systematic study has been undertaken to 
assess the sensitivity of remotely sensed data, including 
microwave data, on the solutions to conventional hydrologic 
equations, or on the outputs of conventional hydrologic 
models. No studies have been undertaken to modify existing 
hydrologic models or develop new models to effectively use 
remotely sensed data, including microwave data. Until such 
comprehensive studies are undertaken, incremental im- 
provements due to use of either visible/infrared, passive 
microwave, or active microwave data, independently or in 
various mixes, cannot be quantitatively assessed. 

This task will require a 2-3 man-year effort over o two- 
year period. 

TASK 2 : Direct Determination of Runoff Coefficient 

The objective is to test the hypothesis that specific 
remote sensing data or combinations of different sensors 
data, can be used to remotely measure a runoff coefficient 
for use in lumped models. 

Microwave sensors appear to be capable of measuring the 
four characteristics of a watershed that control the amount 
and rate of runoff from rainfall: soil moisture, vegetation, 
soil structure, and surface roi-gU.ess. These characteristics 
have not been previously measurable as direct input to 
hydrologic prediction and forecast model*. Currently, there 
ore no adequate models to use this type of information, even 
if it were measured on a routine basis. The capability of 
measuring areas instead of points creates the potential for 
determining an equivalent runoff coefficient from remotely 
sensed data. The general approach in this task will be to 
merge remotely sensed data from several sensors to form 
one composite signal. This signal will be used as the primary 
input data for a lumped system model that has been 
developed or modified to use this type of information. This 
procedure would be tested with hydrologic data from 
instrumented watersheds. 

The ability of microwave energy to penetrate vegetation 
(or not penetrate depending on frequency, polarization, and 
angle), to respond to soil structure, to respond to surface 
roughness, and to respond to soil moisture, are perhaps the 
most important features for hydrologic applications. These 
ore the four watershed features that affect runoff from 
rainfall. In the existing hydrologic procedures, these 
features are seldom measured directly, but are estimated 
according to arbitrary relati'* scales. The potential for 
measuring the features directly could be a significant break- 
through for imp iving hydrologic techniques. If successful, 
this procedure could provide an objective and cost-effective 
method for obtaining input data for design and operational 
hydrologic models. 

This task is expected to require an approximate 20 man- 
year effort over a five-year period. 

T ASK 3 : Investigation of the Spatial Vcriobilify and Scal e 
in Hydrologic Systems 

The objectives of this task are to develop ways to 
measure the spatial variability of hydrologic parameters and 
variables; to determine the scale (size) of hydrologic units 
that are important for various applications; and to develop 
criteria for delineating areas that can be treated as 
hydrologic-ally uniform. 
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The research questions dealing with scale and spatial 
variability can best be studied with a series of coordinated 
ground, truck, aircraft, and satellite experiments. Detailed 
ground measurements will define the spatial variability of 
the hydrologic characteristics that will have been selected 
for study. These characteristics will be measured from the 
various remote sensing platforms, and a set of dato will be 
developed that will depict decreasing (degraded) resolution; 
but at the some time averaging or integrating the point 
measurements into a single response far sequentially larger 
areas. One or more distributed hydrologic simulation models 
will be used to take these data as inputs, and the simulated 
results will be compared to each other and to measured 
watershed responses. The comparisons will be the basis for 
evaluation of the hydrologic significance of spatial variabil- 
ity, and the scale of hydrologic parameters and variables 
that is important. 

Remotely sensed data hove a feature that potentially has 
great ber.sfit for the water resource community, that is, the 
ability to measure an area, rather than a point. Hydrologic 
concepts hove been developed from point measurements, 

i.e., soil columns, rain gouges, etc. As a result of this, 
hydrologists have been largely unsuccessful in treating 
spatial variability. This is perhaps the single most important 
reason wh*- infiltration theory has not been successfully 
adapted for hydrologic procedures. 

Remote sensing has the potential for "averaging" a great 
deal of information over an area. Use of these type data 
moy provide the motivation for using more physically based 
models. However, it is likely that such models will have to 
be adapted or new models developed to take advantage of 
these data. 

This task is expected to require approximately 20 mar.- 
years over a five-year period. 

T ASK 4: Direct Determination of Watershed Char - 
acteristics 

Remotely sensed data have been used to determine some 
watershed characteristics, such as land use. The potential 
exists for determining directly many more watershed char- 
acteristics that could be used as input data for hydrologic 
models and management. To determine what characteristics 
can be measured and monitored by remote sensing, various 
sensor characteristics should be evaluated with respect to 
their obility to provide information on these watershed 
features. Several areas with adequate ground data should be 
selected and test flights made to provide data for chosen 
simulation models. The watershed features that may be 
measurable by remote sensing include, but are not limited 
to: 

1. land cover and use, 

2. canopy density, 

3. channel network, 

4. erosion features, 

5. surfoce roughness, 

6. wetlands and swomps, 

7. topography slopes, etc., and 

8. channel geometry. 

In the past hydrologists have been limited to using 
lumped parameter models because distributed models were 
only practical in a research mode. The reasons for this are 
twofold: first, the type data required for distributed models 
require a great deal of labor and fields surveys; and second, 
there are really no criteria to decide how much detail is 
needed in preparing data for a distributed model. Both of 
these points cm potentially be solved by remote sensing in a 
cost-effective way. If this can be done, it moy open the 
door for widespread use of physically sound, disiributed 
models. This type of model con provide a mechanism to 
evaluate land use and management alternative* without the 
trial and error approoch that has been used in the post. 

If this research shows that mast watershed features con 
be measured directly by remote sensing, if will enable 
widespread use of complex distributed models for wafer and 


land management. It is conceivable that a totally automatic 
system could be developed to generate all the input data 
(except for state variables) far a watershed management 
model from satellite or specific aircraft flights. 

This task is expected to require an approximate 10 man- 
year effort aver a five- y e ar period. 

Influence of Watershed Parameters on Rodor Bock scot ter 
Measurements - This program octivity has os on overall 
objective to quantify the measurement capability of active 
microwave sensors for selected watershed parameters. It is 
known that active microwave sensor data can provide useful 
information on several parameters that characterize water- 
sheds. However, many of these, e.g. land use, canopy cover, 
can also be obtained from other sensor data. This program 
octivity concentrates on those parameters for which octive 
microwave data have a unique potential. Primary among 
these are roinfall and soil moisture. The tasks required to 
address soil moisture monitoring are discussed later in this 
report. 

TASK I: Determination of the Potential of Microwave 
Sensors to Measure Rote and Areal Extent of 
Precipitation over Land Surfoce 

Runoff is generally the single most important factor 
affecting water resources management schemes (e.g. flow 
controls, drainage design, water supply, hydropower, etc.). 
Precipitation is usually the single most important hydrologic 
variable in runoff calculations. Therefore, more accurate 
and timely precipitation measurements, especially in areas 
of sparse rain gouge returns, promises to produce high 
benefits. 

The high benefits tivat would result from new improved 
methods of measuring areal extent and rate of rainfall 
overland, justifies a high-risk feasibility study of microwave 
sensors. 

Roinfall is conventionally measured by in-situ gauges; 
about 25,000 in the U.S. and perhaps 100,000 throughout the 
world. WMO criteria for rain gouge densities are mlikely to 
be met in most areas of the world including much of the U.S. 
land surface. Landbased weather radar coverage is mostly 
complete over the U.S., however rainfall estimates based on 
these data are grossly inadequate for most hydrologic 
purposes, although rodor estimates appear operationally 
useful in some locations for weather forecast purposes. 
Recent studies of Landsot and NOAA scenes suggest 
marginally useful rainfall information for hydologic pur- 
poses. However, the limitations of present spacebome 
visible/infrared sensors, e.g. interference ck/e to clouds, 
ambiguous determination of the areal extent of rainfall, lock 
of roinfu’l intensity information, seriously limit their use- 
fulness for hydrologic purposes. 

This task should include theoretical studies of both 
passive microwave and active microwave measurement 
cwepts. The octive microwave sensor approoch using the 
Multiple-Beom Antenna conceived by Goddord Space Flight 
Center appears to have promise. A series of oircroft tests 
using a simple, single-beam radar designed to blank the 
terrain return, should be conducted to test this concept. 

This task is expected to require a 10 man-year effort 
over 5 years, and funds for a modest hardware development. 

TASK 2: F iood Mopping 

Remotely sensed data have the capability of monitoring 
the extent of floods and their duration. Characteristics of 
potential sensors, resolutions, platforms, orbits, and fre- 
quency of observation should be evaluated. Systems for 
accomplishing these objectives should be tested with simu- 
lation models and criteria developed for o flood mapping 
system. The resulting systems concept 'Id be documen- 
ted with specific criteria for all weed* . capability, resolu- 
tion, frequency of sampling, sens™ charactensitics, data 
reduction needs, platform, and orbit. Simulation with 
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existing data and synthesized data should be able to define 
these parameters. 

This task is expected to require a 3-5 man- year effort 
over a two-year period, plus the cost of associated experi- 
mentation. 

TASK 3i Groundwater Resource Analysis 

The objectives of this task are to identify groundwater 
recharge and discharge areas in complex watersheds: to 
develop methods of conducting resource inventory of 
groundwater by identifying seeps and springs and quantifying 
seasonal changes of groi’ndwater elevation; and to develop 
methods for estimating parameters and delineating areas for 
conjunctive management of surface and subsurface water. 

Delineation of groundwater recharge and discharge areas 
is an important aspect of any fond management program. 
Selecting areas to meet certain objectives regarding control 
of pollution of surface waters and groundwater would be 
enhanced with this capability. 

Conventional methods of groundwater assessment are 
time consuming and costly. Any procedure that could do 
this more efficiently would be extremely helpful in conduc- 
ting and periodically updating this inventory. 

Conjunctive use of groundwater and surface water is a 
new concept that is just beginning to be developed. To plan 
and manage such complex systems will require new types of 
information to characterize the aquifers and the aquifer- 
channel geometry. Remote sensing, particularly microwave 
remote sensing, appears to have this potential. 

This task should require at least a 20 man-year effort 
over a five-year period. 


501 L MOISTURE 

RESEARCH NEE DS 

Soil moisture, whether measurements ere required near 
the surface or are for the entire soil profile, is one of the 
most dynamic renewable resources measurements chal- 
lenging the remote sensing community. Although the need 
for soil moisture information differs somewhat between 
hydrologic applications end agricultural applications, the 
research program required to oddress the capobility of 
active microwave to measure soil moisture is practically 
identical. Hydrologists are primarily interested in the state 
of the soil, i.e., saturated to dry, in the near surface layers 
since this influence? the amount of infiltration and rinoff 
that con be expected os o result of o moisture input event. 
Agriculturalists are interested in the soil moisture profile 
down to the root zone depth and its relationship to crop 
yield. The major difference between the two requirements 
is the less severe requirement of hydrologic applications for 
accurocy and depth of measurement. Because of the 
dynomic situation involved with soil moisture, at certain 
times of the year, the hydrologic and agricultural applica- 
tions may have the same depth and frequency of measure- 
ment needs. 

In summarizing the need for information, at least (he 
following variables must be realized: 

I. Dynamic - Highly repetitive observations are neces- 
sary due to natural I v occurring, rapid changes in moisture 
which ore difficult to assess by any other means than remote 
sensing. 

?. Extreme spatial variation - Within very short dis- 
tances, variations may occur from flood to drought, there- 
fore a successful sensor(s) must have the capability to assess 
the extremes under a variety of lend surface conditions. 

3. Surfoce cover - Due to cultural activities in agricul- 
ture, a varying degree of surface roughness commonly 
occurs of the soil surface. 

't. Soil roughness - Due to cultural activities in agricul- 
ture, a varying degree of surfoce roughness commonly 
occurs at the soil surfoce. 


5. Soli properties - Spatial variations in soils wrist which 
affect measurements with certain types of sensors/ spectre! 
intervals. The measuring technique must be flexible and 
usable even under this variety of conditions. These include 
such factors as soil texture, soil layering, salinity. 

6. Depth measurement - Soil profile moisture can 
potentially be used beneficially by plants to the looting 
depth of the plants. This rooting depth is a function of many 
factors, but plant species and growth state are major 
contributors. 

7. Inadequacy of present ground measurement tech - 
niques -C v ideroble effort must be extended preser.,Ty to 
accurately monitor profile moisture temporally over even a 
small region. This odds to the need for developing remote 
sensing procedures, but also creates difficulty in evaluating 
these procedures adequately. Measuring devices which are 
sensitive to these and other extraneous variables will cause 
inoccuracies in the data and limit its usefulness. Therefore, 
any approoch to develop a remote measuring technique must 
be cognizant of the variables causing measurement inaccu- 
racies; must assess the effect of these variables; and must 
attempt to reduce associated errors. 

Roidar studies show promise for a direct measure of 
moisture, however, they hove not been thoroughly evaluated. 
An integration of these study results appears difficult since 
data were not acquired or evaluated under consistent 
conditions. In summary, limited results are available 
suggesting that remote measurements in all spectral regions 
show association, either directly or indirectly, with soil 
moisture. Results are inconclusive and if investigators were 
requested to design a monitoring system, the number of 
systems specified would probably correlate with the number 
of investigators asked. 

The array of information needs is brood. in many 
disciplines/applications, it is not possible to precisely spe- 
cify the needs of occur ocy, temporal, or spatial specifica- 
tions because models are not present to use these data, since 
the data have not been previously available. However, basic 
to the question of needs to satisfy, onswers to very basic 
questions must be available. Under an extreme diversity of 
conditions, is it possible to develop a technique incorpora- 
ting SAR and other spectral data together with modeling 
that con: 

1. Define the nature of soil water measured, i.e., 
tensiometric, volumetric, gravimetric; 

2. Produce quantitative estimates ot known depth 
increments; 

3. Define the maximum depth for which measurements 
are accurate; and, 

4. Be applicable over a wide variety of surfoce condi- 
tions. 

Considering the above needs and the present state of 
knowledge which is fragmented by variations in experimen- 
tal methods, site specific nature of observations, and 
inconclusive definition under o variety of conditions, inabil- 
ity to accurately define and measure the soil moisture 
variable, an integrated experimental approach should be 
devised A well controlled test si in the simplest 
environmental condition should be selected for in-depth use 
of a multiple sensor system. After development and testing 
of the models ot the single site, added diversity of 
soil/climate/vegetation should be evaluated, most probably 
with on irrigated, roinfed test site in the Southwest U. and 
the Great Plains, and a roinfed test site in the Eastern U.S. 
under forested and non-forested conditions. These sites 
should be selected in reference *o existing stations, i.e.. 
Agricultural Experiment Stations where precision lysimeters 
end soil moisture and water budget experiments ore ongoing. 
All systems and field methods should be consistent with 
evaluations of frequencies, angles, and polarizations of SAR 
with ancillary multispectral data, with a common method 
for field characterization. The observations •oust be 
combined with a soil profile model of moisture and temper- 
ature. Such a model is not presently available and must be 
simultaneously developed. 
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APPROACH 

The research needs listed under Soil Wetness In the 
ERSAR Applications Working Group Report provide o good 
summary of basic questions that must be answered before if 
can be "scientifically" concluded that a useful estimate of 
soil moisture can be made with active microwave sensors. It 
should be noted that the needs addressed by the Applications 
Working Group addressed both the soil moisture needs of the 
crop yield problem and the hydrologic watershed runoff 
problem. The research program outlined here addresses both 
of these. Obtaining the moisture information needed in the 
crop yield problem is potentially the most difficult task, 
since it is currently believed that greater sensitivity and 
accuracy as well as depth interaction are required than for 
hydrologic applications. It is important to realize that even 
if these more difficult requirements are not met, the less 
difficult hydrologic requirements of near surfoce soil wet- 
ness conditions (saturated, mid-moisture, dry) could be of 
use to runoff applications. 

It is important that the research needs be 'approached in 
a scientifically sound manner that will result in a thorough 
tenders tonding of the physical processes involved. In order to 
identify a program to adequately address these questions 
within this context, it is useful to organize the research 
needs into three activity areas: 

1. Energy Scene Interaction Phenomena. 

2. Algorithm Development: Soil Moisture Estimation. 

X Algorithm Verification/Refinement and Spatial 
Averaging. 

Each of these octivity areas will require numerous specific 
research programs. 

Sasic Energy Interaction - It is this octivity area within 
which the basic understanding of the physics of the 
measurements is addressed and the relation of the mea- 
surement to the paraneter of interest is defined. This 
octivity area will require both laboratory and controlled 
field experiments involving teams of microwave specialists, 
soil scientists and hydrologists. Specific points which should 
be addressed are: 

1. Soil permittivity effects. 

a. effect of soil texture. 

b. relationship of permittivity to soil water tension 
or volume of water under o variety of soil metric consti- 
tuents. 

c. dependence of permittivity on microwave fre- 
quency. 

2. Definition of the soil water parameter to be estima- 
ted. 

a. depth of penetration. 

b. soil moisture profile to the depth of penetration. 

X Effect of vegetation 

a. penetration capability (os function of biomass, 
geometry, type). 

b. bockscatter component from vegetation. 

4. Effect of surfoce roughness. 

a. periodic (row) structures. 

b. uniform roughness. 

5. Development of soil moisture profile/budget model. 

a. design to accept estimated moisture parameter os 

input. 

h. Development of runoff models. 

a. design to occept estimated moisture parameter as 

input. 

Algorithm Development: Soil Moisture Estimation - With an 
adequate understanding of the physics of the measurement 
process and a sound relationship between the measurement 
and a useful moisture parameter, it will be possible to design 
an algorithm to operate on the measurements and estimate 
the moisture parameter . This algorithm must be capable of 
estimating a moisture parameter that oddresses the inter- 
action needs of the user community (i.e., the user com- 
muni'y mi»st understand how to apply the estimate to their 


problems). The major components of this octivity area aret 

1. Algorithm definition, 

o. mathematical representation of electromagnetic 
energy/soil moisture response (parameterized on scene 
confusion parameters! vegetation, roughness, scene geome- 
try, etc). 

b. model of soil water profile that acce p ts micro- 
wave and other expected measurements as input. 

c. identification of how to implement these descrip- 
tions into an algorithm capable of accurately estimating 
moisture to the depths required. 

2. Approach to algorithm application. 

a. plan of how to apply algorithm over extended 
scenes (fields). 

b. prediction (or simulation) of algorithm perfor- 
mance for typical scene makeup and topographies. 

c. definition of required ancillary data to achieve 
adequate estimation accuracy. 

X Verification with controlled ground measurements 
(point estimates). 

o. demonstration of microwave algorithm baseline 
performance over well-defined conditions, i.e., near surfoce 
estimate. 

b. demonstration of complete soil parameter esti- 
mation system i.e., estimate of moisture parameter versus 
depth utilizing soil water profile/budget algorithm. 

c. determination of incremental performance im- 
provement with passive microwave, thermal infrared. 

Algorithm Verificotion/Refinement and Spatial Averaging - 
It is necessary to verify the estimation system and planof 
application for extended scenes similar to those that are 
expected during operational utilization of such a system. 
Aircraft platforms are required in order to acquire such 
data. This activity area will involve performance testing 
over o range of surface and climatological conditions and it 
is expected 'Hat the approach to applying the algorithm 
system, ond the system itself will evolve through a refine- 
ment process in order to meet accepted limits of perfor- 
mance. At least, the performance (accuracy and precision 
of the estimate) of the estimation system will be odvi-'essed. 
Major issues of this activity area are: 

1. Effect of application of estimation system to an 
extended scene estimate. 

a. field by field, as opposed to extended scene 
overoges. 

b. determination of effect of scene heterogeneities 
on overage estimate over extended scene. 

2. Interpretation end determination of utility of average 
moisture parameter estimates over an extended scene. 

a. determination of size of area over which average 
estimate is meaningful. 

b. determination of scene makeup and topography on 
the interpret*, 'ion of the average moisure over the scene. 

3. Performance of estimation system in reducing effects 
of confusion factors (vegetation, roughness, topography, 
etc). 

a. refinement of estimation system to improve per- 
formance. 

b. determination of requirement for temporal mea- 
surements, i.e., repeat cycle required, and potential for 
reducing roughness effects. 

c. improvement in performance with passive mi- 
crowave and/or thermal infrared sensors. 

4. Final estimation system definition. 

a. system refinement to optimize performance. 

b. method of application. 

TASKS 

TASK I ; Permittivity Dependence on Soil Woter/Soil 
Water Tension 

The objective is to 'fetermine the dependence soil 
permittivity on frequency, soil texture, soil constituents 
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(salinity, clay type) and soil water state (frozen/unfrozen, 
soil water potential energy). The approach to meeting this 
objective is to perform controlled laboratory Investigations 
of the relationship to permittivity and soil water as 
function of frequency from UHF to K-oand frequencies. It 
is expected that this task will provide conclusive evidence 
that the permittivity of soil is a function of soil water 
potential independent of soil texture, and quantification of 
soil permittivity as a function of moisture content and water 
potential useful in the electromagnetic modeling activities 
described in Task 2. 

Specific elements of this task are: 

1. Assemble laboratory facilities for executing permit- 
tivity measurements. 

2. Assemble laboratory facilities for measuring soil 
moisture-soil water potential relationships. 

3. Implement a measurement program that addresses 
microwave frequency (at least at each radioastronomy bond 
from 400 MHz through 18 GHz), soil texture, clay type (at 
least two, expanding and non-expanding types), salinity, 
frozen/unfrozen. 

4. Implement a measurement program to determine the 
soil moisture-soil water potential for the soil samples used 
in 3 above. 

5. Analyze the measurements to demonstrate the rela- 
tionship between permittivity and soil water potential as a 
function of frequency (for at least non-saline soils, unfro- 
zen). 

Permittivity measurements at various microwave fre- 
quencies are scattered throughout the literature for differ- 
ent soil textures, types and soil water state. However, it is 
not possible to pull together a consistent set of measure- 
ments made for similar soil textures and types and soil 
*ater states at all frequencies of concern from these data. 
In addition, there is no information in the literature that 
provides the information needed to make a conclusive 
statement concerning the relationship of soil permittivity to 
soil water potential. A thorouc^i knowledge of the relation- 
ship between soil permittivity and soil water is the basic 
foundation for the development of models that describe the 
interaction of electromognefic energy with soil volumes. 

TASK 2 : Modeling of Electromagnetic Energy Scattering 
end Emission 

The objective is to devise and/or apply current theories 
of electromagnetic propagation, scattering and emission to 
the energy interaction of microwave radiation to soil and 
vegetation volumes. This will be done by identifying 
techniques of handling electromagnetic propagation through 
and scattering from soil and vegetation (both surface and 
volume) applicable to the soil /vegetation scenes peculiar to 
the agriculture and hydrologic soil moisture problem. 

These tools will be utilized to develop an understanding 
of the physical significance of the vegetation, soil surface, 
and soil volume scatter, and use that understanding to 
develop a physically meaningful soil moisture parameter ond 
identify the soil volume over which that parameter is 
applicable. They will provide an understanding of the 
effects of frequency, polarization and viewing angle, ond 
scene composition end geometry on the meet rement. 

Specific elements of this tosk are: 

1. Identify appropriate models for both the scattering 
and emission problem. 

2. Utilize models to address the definition of physically 
meaningful soil water parameter. 

3. Utilize models to determine soil volume over which 
soil water parameter is applicable. 

4. Investigate the sensitivity of the depolarized energy 
to the soil moisture parameter and surface roughness 
effects. 

5. Investigate the effect of vegetohen on the emitted 
and scattered energy with consideration given to biomass 
and geometry. 


6. Develop an understanding of periodic surface struc- 
ture an emission and scattering as a function of Incident end 
azimuth angle. 

7. Verify oil modeling aspects with controlled field 
experimental data acquired with truck systems. 

The interpretation of a microwave emission or scattering 
measurement is so complex and dependent on so many 
uncontrol Idble scene parameters, that it cannot be empiri- 
cally related to scene parameters in general. A meaningful 
understanding of why and how electromagnetic energy 
interacts with the scene is required in order to identify the 
soil moisture parameter 0 f importance and identify the soil 
volume for which that parameter is applicable. Only 
through anatytical/theortical models of this phenomena can 
a general understanding of the measurement/scene coupling 
and effects of sensor configuration be obtained. 

TASK 3 : Development of Water/Tempertrture/Rodiation 
Soil Profile Models Including at Least One User 

W5ST 

The objective is to develop soil profile models which 
utilize remote sensor data as one input. The complex 
interaction of soil, water, vegetation, and radiation must be 
modeled using on approach which can accept remote sensing 
inputs. Two basic approaches including soil profile moisture 
models and water budget models should be pursued to cover 
the diversity of field/vegetation conditions encountered. 
These models should hove as inputs: reflective through 
microwave spectral information, as well as necessary phys- 
ical parameters. 

Presently, many models exist for simulating the soil/wo 
ter/plant interactions; however, remote sensor dato are x>' 
included as inputs. Further model refinement and test j 
must occur. Unless soil depth of influence is understood and 
can be quantified through modeling, the use of remote 
sensor derived information will be limited. A method to 
utilize multifrequency dota for assessing moisture gradients 
is necessary. In agriculture, the moisture profile to the 
rooting depth of crops is necessary information to assess 
anything related to water availability to plants. 

TASK 4 s Controlled Field Experiments 

The objective of this task is to ocquire octive 
microwave, passive microwave and thermal infrored mea- 
surements over controlled and well-instrumented test fields 
for a diversity of soil, vegetation, roughness, climatological, 
ond soil moisture conditions. The general approoch is to use 
mobile truck mounted systems, and to develop controlled 
and well-instrumented test fields at appropriate locations 
around the U.S. These fields must be instrumented to 
ocquire all soils, vegetation, environmental, moisture pro- 
file, temperature profile data needed to verify both elec- 
tromagnetic scattering and emission models and soil pro- 
file/budget models. The task will result in an accurate 
multi frequency, multi parameter data set over oil significant 
scene configurations useful in verifying the models gene- 
rated in Tasks 2 ond 3; the olgorithm developed in Task 6, 
ond data required to support empirical analysis. 

Active and passive microwave ground-based measure- 
ments hove been acquired from only one system each. These 
dota are not sufficient to fully address the basic understan- 
ding of the electromagnetic energy. 

TASK S ; Development ond Testing of Spatial Terroin/Mois - 
ture Models 

the objective of this tosk is to develop ond test spatial 
terroin/moisture models based upon extension of individual 
rroisture profile models. Models to extend site-specific 
verified profile models will be prepared. Variations in 
SLxfoce morphology, land cover, soil ond other factors 
affecting rodar return will be considered. 
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There is currently little knowledge of how to opply soil 
water profile models to areas larger than o few ocres. In 
addition, the interpretation and usefulness of "averoge" 
moisture conditions over larger areas is unknown. 

This task will provide models appropriate to describe 
spatial conditions over a variety of landscape differences. 
This will include <n analysis of spotial resolution require- 
ments on measurements for specific applications. Mixtures 
of scene elements, e.g., vegetation, cultural features, will 
be simulated to estimate their influence on radar measure- 
ments. 

TASK 6 i Algorithm Development for Soil Moisture Esti - 
mation 

The objective of this task is to develop and verify an 
algorithm to estimate soil moisture parameters using re- 
motely sensed data and required ancillary data. The 
opproach suggested is to determine an algorithm that can be 
used to estimate a soil moisture parameter based on a 
combination of microwave and soil profile/budget models (at 
least for the root zone moisture); to develop an approach to 
applying that algorithm to extended scenes; and to test and 
verify the algorithm using experimental measurements 
ocquired at controlled test sites to determine baseline 
performance. 

An algorithm that con operate on microwave/ thermal 
measurements to estimate the near surface soil moisture 
parameter, and that con use that estimate in combination 
with ancillary data to extract moisture at the root zone 
depth, should be obtained as a result of this effort. The 
expected accuracy and precision should be found, and the 
required measurement repeat cycle, at least for a point 
estimate, will be defined. 

TASK 7 : Algorithm Verificotion/Refinemcnt and Spatial 
Averaging 

The objectives of this task are to determine the 
performance of an estimation algorithm over an extended 
scene, to define the utility of such an averoge esfimofe, and 
to finalize the estimation algorithm. The approach required 
includes aircraft experiments over test sites in at least 
three climatic regions (arid, semi-aird, humid), each con- 
taining a reasonable mix of scene constituents. These 
measurements should be used to test appropriate algorithms 
and the results should be compared to one onother and to 
ground-truth data. The task should result in a refined 
version of the soil moisture parameter estimator, the best 
approach to applying it to an extended target, and its 
expected performance from a space platform. 

T In- basic philosophy of approaching the development of 
a remote soil moisture estimation system is to start with a 
basic understanding at the electromagnetic energy interac- 
tion phenomena, then build on that understanding to drv.'lop 
the moisture parameter to be estimated and an algorithm to 
do so. The logical progression of development is to t..st 
verify the algorithm under ns ideal conditions as possible at 
a point, and determine its boseline performance. After this 
is understood, it is necessary tc extend its applicability io an 
extended scene. This requires moving to an ai'croft or 
spacecraft platform. 

T ASK 8 : User Do t o Extroction and f ormot Needs and 

Model Development 

The tasks outlined above should provide clearly docu- 
mented microwave sensor capabilities. The objective of this 
task is to use that information end t from users to 
desiiyr an information extraction and processing system. 
T ‘re recommeixled 0|>proach is to test existing or new user 
mostels to use soil moisture information. The user must 
select svs»em specifications which ore necessof“ for his 
specific application. System parameters including soil 


moisture accuracy required, spatial and temporal resolution, 
data format, timeliness, and necessory hardware and soft- 
ware information extroction techniques will be documented 
for the purpose of determination of runoff for stream flow 
forecasting, and i mp ro v em en t of crop yield f o re cas ting. 
These and/or other critical applications should receive 
speciol attention for system design and testing. 

The results of this task should provide definition of 
system design to satisfy user needs. At least two specific 
applications will be emphasized which are of high national 
impact, and simulation models should be used to assess the 
impact of developing o soil moisture monitoring system. 

FACILITIES SUPPORT REQUIRED 

The tasks proposed in this research area require a 
significant improvement in the present capability to make 
microwave measurements at controlled test sites. At least 
three mobile field measurement systems are required. 
These should be equipped with a full complement of sensors, 
including active and passive microwave (3cm to 20cm 
wavelengths, continuous or multiple discrete), thermal in- 
frared, and multi spectral visible instruments. In addition, 
the existing airborne radar scatterometer systems must be 
improved to enable them to acquire and, most importantly, 
process reliable data. 

Several of the tasks require fully instrumented test sites. 
A minimum of three 3-5 acre sites are needed; eoch in 
different climate regions. Agricultural maintenance ser- 
vices must be available, and odequate in-situ sensors ore 
needed to record soil, moisture, temperature, and envi- 
ronmental parameters. 

EXPECTED RESULTS 

This research program is structured to determine the 
capability of active microwave seusor; record soil 
moisture content information of value in agricultural ond 
hydrologic applications. It includes tasks to gain o sufficien. 
understanding of the basic electromagnetic interactions 
involved ond to extend this knowledge through the devel- 
opment and application of analytical models. It provides for 
the tests required to validate the models ond, hence, to 
assess the utility of this sensing techniqt*e for soil moisture 
monitoring. 

SNOW 

RESEARCH NEEDS 

The accumulation of the snowpock in both mountain and 
flatland areas throughout the winter is an extremely 
important water resource. In the mountains, this source of 
runoff generolly provides 70% of the total water supply. On 
the plains, the snowpock is of vital concern because most 
significant flooding over large areas results during spring 
snowmelt. 

Historically, this snow resource was sampled manually 
at scattered points throughout the snow accumulation region 
once or twice per month. More recently, automated 
methods have became available, and at certain points, 
continuous monitoring is available, usuolly in mountain 
areas. The only improvement over the point sampling 
technique has been instituted over the northern Great Plains 
where narrow flight line samples are now flown using tow 
altitude gamma ray techniques to measure snow water 
equivalent. 

l! has become apparent that in order to better predict 
the quantity ond timing of snowmelt runoff, it is necessary 
that snowpock properties be measured over hydrologic units 
such os sub-liosins. Area-wide characterization of the 
snov'pook rios rv>1 been previously possible and is much 
iseeded. Parameters of importance are snow depth and 
water equivalent, area! coverage, and liquid water content. 


Microwave remote sensing measurements of snowpack 
properties hove shown positive results regarding the poten- 
tial ability to estimate water equivalent and liquid water 
content. However, the effects of the extremely variable 
condition of snowpocks on microwave measurements is not 
well understood. Not only dc accumulation and ablation 
phases change rapidly, but depth, density, grain size, 
wetness, and internal structure are almost constantly chan- 
ging. Much has yet to be learned about how variations in 
snow water equivalent, density, groin size, layering, and 
wetness affect the response of a particular remote sensor 
(visible, infrared or microwave). 

Specific research requirements that must be met before 
the potential of octive microwave sensors for snow parame- 
ters measurements can be assessed are listed below. The 
majority of these requirements were obtained from the 
ERSAR Applications Workshop Report. 

1. Better understanding of the dielectric properties of 
snow, especially the imaginary part. (The effect of wetness 
and crystalline structure have yet to be measured between 8 
and 35GHz). 

2. Quantification of attenuation and penetration depths 
for different wetness and crystal size conditions. 

3. Quantification of the effect of crystal size variations 
on radar backseat ter. 

4. The microwave response to snow water equivalent 
and depth under widely varying natural conditions needs to 
be established. 

5. The surface roughness effects of wet snow need more 
detailed study. 

6. Fading statistics for both intrafield and interfield 
variations need investigation. 

7. Effect of the state of the underlying soil on radar 
backscatter for varying snow conditions must be defined. 


APPROACH 

Active and passive microwave characteristics ore gen- 
erally similar in relation to advantages over visible and 
thermal IR capabilities in snow studies. They provide an all 
weather capability; penetration to depth in the pack is 
possible; and they are extremely sensitve to wetness. An 
additional advantage of active microwave sensors, over 
passive microwave sensors, is significantly higher resolution. 
Most of this is understood. What is not understood is how 
the radar signal can be interpreted with respect to water 
equivalent, density, wetness, groin size, and structure, 
especially under changing snowpack conditions. This re- 
search progrom is defined to determine those capabilities cf 
microwave sensors that are unique to snowpack measure- 
ments. 

In order to make a statement as to the capability of 
active microwave sensors for estimjting snow parameters, 
each research need listed above must be oddressed in a 
scientifically sound manner. The approach to addressing 
these research needs involves the following activities. 

1. Development of an understanding of the electrical 
characteristics of snow at microwave frequencies as a 
function of snow parameters. 

2. Development of a thorough understanding of the 
electromagnetic energy interaction with snow. 

3. Development of on algorithm for estimating snow 
depth and linuid water content of snow from microwave 
measurements. 

4. Establish an approoch to applying this algorithm to 
area extensive scenes. 

5. Establish the inique/complementary capabilities of 
microwave sensors as compared to visible/infrared sensors. 

The implementation of this approoch will require o 
combined effort including laboratory investigations, and 
field investigations involving detailed ground-truth, ground- 
based, aircraft, and spacecraft sensors, and modeling tasks. 
Modeling of the microwave response to snow will drive the 
codec* on o* tield data; whether it be conventional ground 


measurements, truck mounted data acquisition, aircraft, or 
spacecraft. Existing microwave capabilities will be em- 
ployed to the fullest possible extent, and the need for 
development of new or improved systems will be identified. 

In addition, multispectral observations are advocated; 
both active and passive sensors would be supplemented with 
visible and thermal infrared instruments. In order to 
improve the understanding of the complex interrelationships 
that affect the magnitude and intensity of the backscattered 
radar signal, the emitted thermal and microwave radiation, 
and the reflected visible radiation from the snow pock, the 
initial effort should be concentrated on ground-based sensors 
and modeling. Aircraft flights should supplement these 
measurements early in the period and should become most 
important as understanding increases. 

TASKS 

TASK I t Laboratory Investigations of the Electrical Pro - 
perties of Snow 

The purpose of this task is to characterize the electrical 
characteristics of snow os o function of snow parameters. 
This will be accomplished by establishing o laboratory 
facility for measuring the permittivity of mow as a function 
of microwave frequency, snow liquid water content, grain 
size distribution, density, temperature, and structure. The 
microwave response to snow is driven primarily by the 
electrical characteristics of the snow. The snow informa- 
tion obtained from microwave measurements is only avail- 
able through an understanding of how the electrical proper- 
ties of snow vary with the snow parameters of interest. 

It is expected that the laboratory facility would be 
maintained throughout the program. However, the peak 
level of effort and funding for this task should occur early in 
the program. It is estimated tnat during the peak level of 
effort this task will require 2 man-years of effort per year. 

TASK 2 ; Modeling of Electromoqnetic Energy Interaction 
with Snow 

The objective of this task is to develop a thorough 
understanding and analytical description of the scattering of 
electromognetic energy at microwave frequencies from 
snow. This objective will be approached by applying known 
scattering models to snow scenes, modifying current models, 
or developing new models to describe the interaction. Since 
it is impossible to measure the microwave bockscatfer from 
snow for oil conditions that could Le expected over a 
watershed, it is necessary to be able to onoiytieolly 
understand and describe the microwave response to snow as 
a function of snow parameters and scene characteristics. 
Utilizing this understanding, ir should be possible to predict 
the sensor response for snow and scene conditions iwt 
previously measurable in a controlled environment. It is 
expected that such a model would assist in predicting the 
effect of soil state (frozen/ unfrozen, wet/dry), snow depth, 
snow roughness, and snow wetness on the microwave 
response to snowpocks. 

Model development and validation will proceed from 
early in the progrom to the end. Validation will take place 
using the multi-level platform -fata sets collected in the 
snow study oreas* Progress in the modeling task will te used 
to specifically direct the octual design of the field data 
collection. Eventually the models will be used as the basis 
for estimating snow water equivalent and liquid water 
content. 

THs activity will require a level of effoit on the order of 
5 man-years per year. 

TASK 3 : Development of Algorithms to Estimate Snow - 

p ock Characteristics from Microwave Measure - 
ments 

The objective is to develop a set of algorithms vtfiich will 
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operate on microwave measurement* to eitimate *now 
depth, snow liquid water content, and underlying soil state. 
The algorithms will be developed utilizing the understanding 
obtained through the modeling efforts described in Tas!; 2. 
In effect, these algorithms will be techniques of inverting 
the analytical models to useful snowpock characteristics. 
These algorithms must be developed in order to provide a 
basis upon which a strategy for measuring snowpock proper- 
ties over a watershed can be based. They should be verified 
using controlled point measurements. Techniques of apply- 
ing these alyor'thms to area extensive measurements must 
also be developed. And, the effect of scene characteristics 
on the performance of these algorithms when applied tc area 
extensive snowpocks, must be evaluated. This evaluation 
will require aircraft and/or spacecraft measurement pro- 
grams. 

This task will require approximately 7 man-years of 
effort per year. 

TASK 4 : Experimental Verification 

The objectives of this task are fas (I) conduct a 
controlled e\perimental measurements program to verify 
the eleciromognetic modeling task and the algorithms 
developed under Task 3, and (2) to conduct aircraft 
measurement programs to verify and/or ossist in developing 
the approach to applying the algorithms developed in Task 3 
to area extensive scenes. The approach to this task is to 
conduct a phased program of truck -mounted, aircraft, and 
spacecraft multispectrul data collection of a variety of 
snowpock study areas supported with extensive ground-truth. 

A variety of important snowpock study si*<*s will be 
selected to cover varying snow conditions, as well as varied 
geographic regions. Specific sites will be selected in the 
Colorado Rockies, the California Sierra Nevada*, the Pacific 
Northwest, the Great Plains, and New England. These study 
sites will provide the capability for allowing a detailed 
understanding of snowpock processes; accessibility to and 
mobility of truck-mounted remote sensing packages; ond 
ar-as large enough to accommodate aircraft flight lines. 
Some expanded areas will eventually be selected for 
spacecraft experiments. 

Ground -truth data collection nvethods will be standar- 
dized to facilitate read* comparison of data collected in 
different study sites. A manual of suggested ground-truth 
methods will be developed inr use by all investigators. 
Detailed groun 1-frurh will be Hken in coordination with nil 
remote 'cosing measurements. 

7 rock -mounted systems with active radar, passive mi- 
crowave, thermal infrared, and visible sensors will be 
developed for deployment at the various study sites for 
extended data collection periods. Several of these sensor 
packages will be designed to he compatible with helicopter 
mounting so that they may be flown over large* areas of the 
study sites. 

Aircraft sensor configurations will be mod * ; ed to include 
the various remote sensors recommended obov- and speci- 
fied flight lines will be flown respectively in .coordination 
with the ground-based experiments. These flights will be 
used as the transition f om truck measurements to a 
spaceborne capability, 

Onlv existinn spaceborne data will be examined over 
existing study sites. Information content of the existing 
data wiM ! >e examined for confii'uifv with the more del liled 
ground-based and aircraft data, and to get on idee of 
eventual spaceborne capabil it ies. fkjsed on results from 
modeling, ground-based, ar«1 on craft tasks, a spaceborne 
Configuration will be recommended. 

This task will be ongoing for at least a five-year period. 
If will tie on extensive test in terms of both manpower ond 
facilities required. Specific manpower estimates to ac- 
complish this task will depend on the specific objectives and 
number of experiments required to complete Hue task. An 
additional level ot detail in program planning is required 
before this estimate ran be made. 


T ASK 5 ) Deter ml notion of Uoiouc/Complementory Aspects 
o rAct I ve M I crowqve Sensors of £now Relotlve 
to Other ~Sjn$$r System* 

The objective of this task is to determine the relative 
information content of the active, passive, thermal, and 
visible dota for estimating snow water equivalent ond liquid 
water content. The approach is to analyze the data 
collected in Task 4 by the active and passive microwave, 
thermal, and visible sensors in terms of snow water 
equivalent ond liquid water cvmtent. 

Existing dota have indicated great promise for using 
octive and passive microwave data far snowpock character- 
ization, with a supplemental role for thermal and visible 
data. Beyond this, very little quantitative Information is 
available to specify the "bes* r sensor or the optimum set of 
sensors. As a result, an integrated experiment is proposed 
where several sensors are used to collect data on the same 
set of snow conditions so that the different information 
contents will be apparent. As o result, it should be passible 
to specify the proper octive microwave wavelengths to be 
used for snowpock remote sensing, os well as the relative 
importance of the octive microwove compared to the other 
information sources. Such an approach will maximize the 
information quantity and quality ond minimize the cost of 
the program. 

FACILITIES SUPPORT REQUIRED 

To support Task I. a laboratory facility will have to be 
developed capable of rooking permittivity measurements of 
snow over a wide ronge of microwave frequencies. This is a 
unique measurement problem, which will require that special 
techniques be developed. 

To augment the present limited experimental data base, 
field measurement programs have to be mounted in various 
important snowpock areas with varying snow conditions. 
Existing microwave truck syslems have to be upgraded to 
Include both octive and passive microwave sensors (at a 
variety of frequencies, I -94 GHz), plus the supplemental 
thermal and visible sensors The field experiments should be 
designed to allow the truc<s to be mobile and ocquire da to 
at several different sites throughout 'he winter. Specific 
senso< requirements ore! 

1. T ruck-Miunted S- stems - five separate systems are 
required with similar i rstrumont packages facilitating in- 
tercornparison. Seve-al instrument packages should be 
interchangeable for helicopter or aircraft mounting. 

2. Aircraft Systems - one helicopter should be available 
to fly the sensor packages between study areas. The C-i30 
aircraft should be used to fly flight lines in each of the study 
areas with comparable octive and passive microwave in- 
strumentation. 

3. Ground-Truth E ocility - five instrumented vans with 
small cold chambers should be outfitted far use in each of 
the stud ' areas. 

EXPECTED RESULTS 

The program should result in a theoretically supported 
understanding of the microwave response to snow as a 
function of snow depth, snow liquid water content, surface 
roughness, ond underlying soil state. A technique of 

estimating these parameters from microwave measurements 
wil* be developed and their performance, when applied to 
point rnecBLeements, will be known. In addition, the 

capabilities and relative importance of microwave sensors 
• or acquiring snowpock hydrologic properties will be known 
relative to other re note sensing techniques. 

It should be noted fhet this program plan will not result 
in a technique of esfimoting snow properties over u 
wamrihed utilizing a spaceborne radar system. That will 
require additional effort. However, it will provide the 
imders anding and knowledge to decide if the development 
of the application of measuring hydrologic snowpock ehar- 
trteristics should involve orbitol active microwave devices. 
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SEA. LAKE. AND RIVER ICE 

Even though f looting ice covers roughly 13% of the 
surface of the World Ocean, less is known jbout such 
drifting ice masses than any other major element of the 
earth's surface. This ice is shrouded in darkness during the 
winter and by clouds during fhe majority of the summer. 
Field operations are invariably difficult and commonly 
hczordous. Remote sensing, and in particular active 
microwave remote sensing, provides u »oy to approach many 
of the scientific and operational problems caused by the 
existence of these ice covers. There are two general types 
of problems that are of particular interest the problem of 
such ice masses in the climate system, and the problem of 
ice as an environmental hazard and as an impediment to 
marine transportation and offshore development. 

The climatic importance of ice is caused by its acting os 
a barrier to heat flow between the ocean and the atmos- 
phere in the polar regions. The amount of heat transferred 
is a complex function of the dynamic behavior of the pack as 
leads open and close and ice thicknesses change. It is also 
known that storm tracks tend to steer o'ong the ice edge, 
although the nature of the causes and effects still remoin 
obscure. These same ice motions and the resulting varia- 
tions in ice thicknesses ceruse the difficulty of transiting 
through the ice fields to vary on time scales of hours to 
days. The iorge ice masses that for m are formidable and o 
knowledge jf tSr\- characteristics and frequency of occur- 
rence Is essential to safe operations and adequate engineer- 
ing design far offshore activities at a number of areas of the 
broad continental shelves of the Arctic. 

The Arctic is being rapidly developed and as this 
development proceeds, it becomes increasingly important to 
be able to observe in near real time the titate of the ice 
covers. It is also essential to develop the use of ice models 
to a degree where confident forecasts can ije made of the 
state of such ice masses from hours to centuries in the 
future. Although ice covers and their attendant problems 
are present in the polar regions as perenniol features, in the 
Northern hemisphere they extend far south into more 
populated regions during the winter as sea ice forms in the 
Gulf of Sf. Lawrence, lake ice blocks the Great Lakes, and 
ice jams terminate barge traffic on the nation's inland 
waterways. 

The reasons for the interest of the sea, lok«, and river 
ice community in active microwave remote sensing tech- 
niques ere simple. Foremost among them is that oefive 
microwave systems ore not limited by either weather or 
lighting coni;*ions. Also, such systems allow clew distinc- 
tions to be made between first-year and multi-year ice. In 
addition, 5 AR magery is commonly presented in a map 
format which greatly facilitates its use in a wide variety of 
problems. Also, the prmary ice characteristic sensed by 
active microwave sensors is the surface roughness of the 
ice. This is an important paro.neter that allows the user to 
gain quite different insights than can easily be studied 
through the use of visible/infrored or passive microwave 
imogery. Finally. 5 AR systems ore, in principle, capable of 
resolutions of a few meters. High resolution is needed to 
obtain ice velocities with adequate resolution. It is also 
imperative that spatial resolution be adequate to define the 
quite small objects at interest. For instance, studies carried 
out by the AIDJEX program showed that the most common 
leads in the Beaufort Sea were only 50 m wide. Alsc ridges, 
which are perhaps the most important ice roughness ele- 
ments sensed bv active microwave systems, ore usually less 
than ff)m in width. 

In rrtany of the subjects discussed in this report, research 
is necessary to determine if an active microwave system, in 
particular, SAR, is cap< hie of determining the parameters of 
interest. In SAR imoges of floating ice masses, there we of 
course, m<ny things that we seen that we not understood. 
The propos. d research should greatly expand the capability 
to interpret and use this infa motion. However, extensive 
experience with aircraft SAR ood Seasat SAR imogery has 


shown that spacebome SAR systems, even when not speci- 
fically designed for ice studies, are capable of providing the 
investigator interested in ice problems with large quantities 
of important information) for instance, detailed ice motions, 
lead patterns, floe size distributions, pressure ridge pat- 
terns, ice edge locations, and the locations of major ice 
hazards such as floeberps, ice Islands and Icebergs. The 
needs are far designing rapid and efficient ways of obtaining 
the information of interest from the Imagery and for 
expanding current ice models to incorporate and obtain 
moxlmom benefit from such data. 

RESEARCH NEEDS 

SAR imagery provides information on a wide variety of 
parameters of interest for the study of floating ice 
problems. To be specific, numerous distinctive high return 
targets car commonly be Identified in sequential imoges of 
sea, lake, and river ice covers, and the relative movements 
of these targets will give ice strain at inm Table points on 
almost any scale desired. Abo areas of strong return oHow 
identification of pressure ridges and rubble fields, in mast 
cases the position of the ice edge can be clearly defined. 
Lead patterns and their changes with time are reodily 
appwent. Also, major ice hazards such as flocbergs, ice 
islands, and icebergs have characteristic signatures that 
allow them to be identified and tracked. 

Because the characteristics of drifting ice change rapid- 
ly, and cwrelations between ice masses can extend over 
Iwge distances (on the order of 1000 kilometers), sea ice 
studies we quite different from mwe "static" subjects such 
as geology in that they require new real time data over 
large weas with revisit times in the order of a few days for 
the results to be useful in mwe thon o hindcast mode. 

What is needed is fast, routine, automatic to semi- 
automatic methods for identifying suitable traceable targets 
tr>d determining their relative motions in map-oerreef 
cowdi noted systems so that the velocity, the strain ana the 
strain-rate fields be determined. These techniques are not 
available at present. A related problem is the development 
of the capability to use pattern recognition techniques to 
determine n wide vwiety o' : e parameters such as the areal 
percent of deformed ice, c.'>en water, multi-year ice, lead 
orientations and spocings, floe size distributions and round- 
ness, and the presence of parti cut w ice hazards. 

These target identification and data analysis problems 
must be faced if SAR imogery is eve: to be fully utilized. 
The solution of these problems will require the development 
of procedures and software by a working team composed of 
sea ice and pattern recognition specialists, it will clearly 
require several years of effort. Methods must be developed 
to incorporate infwmation obtained from remotely sensed 
data into current ice models. This is far from a triviol 
problem in that interfacing will De difficult. At present, 
there is no model available that is designed to a-cept the 
data that could be produced by a space borne SAR system. A 
nwnter of questions present selves. What data are 
needed and how frequently? Will the dato be used 

incrementally to recolibrofe the model? What are the 
optimum space and time scales for the different informa- 
tion? What we the effects of errors in the different SAR 
determined parameters on uncertainties in model outputs? 

In the ice operations area, there is a need to develop 
systems for reol time frwamission of SAR imagery to users 
at isolated locations such as ships and off-shore drilling 
plotfwms. There is otso a need to develop guides for the 
interpretation of SAR imoges that we meaningful to 
different classes of users. 

There are many aspects of the octive microwave 
characteristics of floating ice masses that we nowly 
cfde- stood. For instance, little quantitative work has been 
undertaken on the backseat ter coefficient of different sea 
ice types and the physical basis far these variations. The 
problem* of the effect of volume scattering and of varia- 
tions in the effective skin depth in multi -yew ice has 
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received tome attention, but additional work is needed. 
Surfoce roughness is cleorly the most important poromefer 
in determining the bockscotte r coefficient of many sea ice 
types, yet no quantitative analysis has been done. At some 
times the snow cover on the surface of sea and lake ice 
appears t«an»parent; ot other times ttie snow gives a strong 
return that can mask ice characteristics and produce 
ombiguities in image interpretation. Thure has been no 
quantitative examination of the processes involved. Another 
problem is that the rodar return of areas of deformed ice is 
highly variable as the radar azimuth changes. This causes 
difficulties in the deterrr.inatior of identical locations on 
repeat imoges in studies of ice movement. Detailed studies 
relating the nature of the radar return from piles of broken 
ice to the block structure of the piles could be most useful 
here. 

These problems can only be resolved by combined 
laboratory studies, theoretical analyses, and field studies. In 
the field studies, it is important to utilize surfoce-based 
sensors that ore capable of in situ measurements on small, 
well defined ice areas. This work must then be combined 
with detailed characterizations of the properties of the ice 
under study. Parameters of interest would include ice 
temperatures, salinities and brine volumes, crystal orienta- 
tions, grain sizes, snow properties, and gross surfoce 
roughnesses. In lake and river ice areas, it may also be 
necessary to determine the physical roughness of the ice- 
water interface as this can be a quite important factor 
because of the near-transparency of fresh water ice at radar 
frequencies. 

Such studies ore time consuming and costly, but if they 
are not undertaken the understanding of the active micro- 
wove signatures of ice covers will remain at a qualitative 
level. This situation will limit future developments in the 
application of SAR and other octive microwave systems to 
ice problems. 

Documents such as this invariably focus on the capabili- 
ties of a specific remote sensing technique. In fact it is now 
well documented that most ice related remote sensing 
problems profit from the joint utilization of two or more 
remote sensing techniques. It would be very useful to 
expand the parameter study performed for the ICEX 
Experiment to examine the optimum combination of sensors 
required to determine o variety of different aspects of 
floating ice covers. For instance, if o combination of octive 
and passive microwave systems ere used, both the dynamics 
and the thermodynamics of ice processes con be examined. 
Particular attention should be paid to data formatting so 
tnat intercomparisons between data sets are facilitated. 
This process will have to be continuously updoted as new 
instruments and techniques ore developed. 

Rodar altimetry may be of great use in studies of the 
roughness characteristics of ice covers in that it measures 
the mean height of the ice, its roughness and the total mean 
surfoce slope. There is reason to believe that it may be 
possible to moke quantitative estimates of the power 
spectrum of the ice surface and the ridge height distribution 
from the nature of the rodar retur ». To work out Ihese 
relations, additional measurements ore necessary on the 
nature of the radar return from well defined rough surfoces. 
Also needed ore further theoretical investigations of scat- 
tering from different types of surfoces. Such work could 
olso be of use* in estimating underwater sound attenuation 
caused by scattering off pressure ridge keels and in 
providing estimates of the aerodynamic surface droq coef- 
ficient of the upper ice surfoce end the hydrodynamic drag 
coef i 'cient of the ice-water interface. 

Scofterometry provides tn important addition to SAR 
imagery in that it allows the direct determination of woier- 
ice boundaries, the discrimination between multi-year cod 
first year ice and information on the surfoce roughness of 
the ice. It is quite possible that correlations con he 
developed between the nature of the scatterometer return 
and the distribution of roughness elements on the upper ice 
surface. Scofterometry also permits ice type differentiation 


in both lake and river ice, although insufficient work hat 
been performed on this subject. 


APPROACH 

The approach recommended to satisfy the stated re- 
search needs involves three interrelated field programs. 
These tasks are intended to clarify the microwave properties 
of ice in a variety of different geophysical situations where 
different processes are at work. The tasks examine 
important aspects of the ice component of climate, ocean- 
ography, and polar ice operations related to shipping and 
off-shore mineral exploration. 

The three research tasks provide data sets for velocity 
calculation research in areas of feasibility and data product 
automation (pattern recognition and processing); provide 
ground-truth for interpretation of microwave intensity and 
structure; and provide input and verification for models. 
These problems hove oeen discussed in the proposed ICEX 
literature (Ice and Climate Experiment, Report of Science 
and Applications Working Group, Goddard Space. Flight 
Center, December 1 979). Also proposed is o study to update 
the design of optimum sensors for geographical studies of 
ice. In fact, the total scientific program is much e nh anced 
when SAR data arc supplemented by select passive radiom- 
eters, and possibly enhanced by the addition of scatter om- 
etry and altimetry. 

The assessment of priorities to the recommended field 
programs hinges on unique opportunity and absolute need. 
The ice edge experiment (Task I) and the summer ice 
experiment (Task 3) could be done using an orbital SAR 
sensor. However, the basic problem of proving the feasibil- 
ity and establishing the automated or semi -automated 
methods of ice velocity, strain and strain-rate calculation, 
con only be performed if tlse winter -pock experiment (Task 
2) is carried out. There is still o pressing need for ice edge 
work and summer ice studies. If the program.' were carried 
out prior to SAR launch, the scientific community would 
hove o quolity p : !ot p-ogram data set in hand and would have 
a heod start on the required modeling effort. Abo, the 
definition of optimum instrument aggregates for space 
deployment is a necessary ongoing task os the state-of- 
knowledge increases. Specific funding far this task could 
avvoit a decision of SAR deployment. 

The deployment of SAR prepared for by appropriate 
surfoce and process studies, would be an immense boon to 
sea ice science: important information on the state of sea 
ice in climate, oceanography and meteorology, and opera- 
tions such or hydrocarbon extraction and shipping. Know- 
ledge of ice velocity fields of the polcr oceans would lend to 
important conclusions of the pathways of heat ir the 
poleward heat transport. 

Field studies ore recommended os valuable geophysical 
experiments and necessary preparatory work to on effective 
SAR mission. In addition, work should proceed on timely de- 
ployment of on optimum spocebome SAR. Sea ice studies 
coll for an instrument with a wide swath ond with o high 
revisit frequency in a polcr orbit; look angle and frequency 
ere less significant issues, although X-Band at dbout 45° 
look angle appears optimum (ICEX SAWG document). Pro- 
cessing capabilities must be odequote for neor real time 
product delivery. Even without any preparatory studies, the 
information garnered by such o deployment would result in o 
major advene* in the understanding of both the geophysics 
and operational problems of floating ice rovers. 

TASK I : Ice Edge Experime nt 

The ob.-ctive of this task is to determine the microwave 
properties end geophysical processes of the ice pock near 
the boundary of the ice end the open ocean. Processes at 
the ice edge play a Iqrge but unenalyzed role in determining 
the extent of ice and, therefore, the global albe<lo, ond in 
controlling the oceanic and atmospheric poleward flux of 


36 



latent heat. The ice at the edge undergoes processes not 
present in the center of the ice pack; temperatures and 
precipitation are higher, oceanic swell is large and ice floes 
are correspondingly smaller, oceanic heat and salt content 
variations are much larger, meteorological processes are 
stronger and solar rotation plays a more important role. 
The processes also alter the micro wove character of the ice, 
and decrease the uti'ity of the more easily obtained 
information from the central pack. Thus, a research effort 
is required to determine the influences of the environmental 
factors on the ice, and to understand both the dynamics and 
the problems of surveillance of the ice edge, tn general, 
there are two kinds of ice edges to be considered: one 

typified by the Bering Sea which exhibits similcr conditions 
to much of the ice edge in the southern ocean; the other 
typitied by the East Greenland drift stream which appears to 
be similar to the Weddel! Sea ice edge. Studies are proposed 
far both coses. Two field programs should be conducted, one 
in the Bering and one in the East Greenland Sea. The 
technical objectives are to measure from ground-based 
systems, the microwave character of the ice species found 
near the ice edge. Ships ccn be used for acquiring data at 
the extreme edge where helicopters connot operate, and at 
the same time they can be used to collect information on 
oceanic heat transports and fronts. Surfoce parties should 
measure parameters such as ice thickness, salinity, snow 
charocter, temperature, and floe size. Aircraft missions can 
obtain photographs showing ice pock character such as floe 
size and lead geometry, and record active and passive 
microwave sensor data on the ice aggregate present. An 
associated buoy program con contribute information on 
meteorological forcing and oceanic structure. The utiliza- 
tion of a model of the ice edge including appropriate ice 
pack porameterizations, atmospheric forcing, and oceanic 
current and frontal structure, should be included os part of 
the experiment. Studies of model sensitivity, sources of 
error, and ways to effectively incorporate remote sensing 
data into such models would by highly useful. 

This task will require approximately 10 man-vears over a 
five year period, plus data acquisition costs. 

TASK 2 : Winter Pock Experiment 

The objectives of this task are to determine the 
microwave properites of the centrol ice pock on o variety of 
scales, and to demonstrate high precision velocity field 
calculations and ice hazard identification. 

The task includes the measurement of the ice velocity 
field on 2-3 day time scales as o top priority, thus producing 
an important data set for future work. Also, the direct 
measurement of the products of ice deformation is planned. 
Simultaneous measurement of microwave data and ice 
properties will serve to confirm ice type identifications. 
Measured deformations con be compared with modeled leod 
and ridge production. The issue of pattern change with 
azimuth or, equivalently, time, con be addressed with o high 
quality data set. Data for this experiment will be 
principally taken by aircraft. Ground-truth shdies are less 
important because more is known about central pock ice. 

The dynamics of the ice pack remain the most significant 
research problem in polar science. The past programs have 
served to establish that the scales of motion which control 
the critical deformations of the ice ore quite small— less 
than M) km in length. Thus, for ice velocities of 5-10 
cm/sec., ice floe locations must be determined on 2-3 day 
intervals or the critical translation events will be blirred. 
The bulk properties of the ice pack depend principally upon 
ice dynamics, and these properties control the seasonal 
cycle of ice extent, the latent heat export, the frequency of 
occurrence of navigational hazards, and other significant 
features. This task addresses the fundamentals of ice 
dynamics, and the observational program includes oil the 
elements of ice deformation: driving terms, pressure ridges, 
leods, and the basic velocity field. 

This task will require an 8-!0 mon-year effort, plus data 


acquisition support. 

TASK 3 : Summer Ice Experiment 

The objective of this task is to determine the Influence 
of summer ice and ice ridge characteristics on microwave 
sensor measurements. 

Summer ice of the Arctic remains the least understood 
ice species due to the operational difficulties of performing 
studies during this season. Microwave and visible sensor 
data on the properties of typical summer floes, which may 
contain both fresh and saline melt ponds of varying size and 
total fractional area, must be det e r mi ned. A critical 
climatological question conce r n s the total extent of summer 
pock and the processes which control it. The heavy stratus 
cloud layer which blankets the Arctic in summer makes 
microwave studies uniquely applicable to this problem. 
Synthetic aperture rodar is essential to resolving the 
dynamics of the ice motion in this season. To understand 
the data from the ice and to be confident of the exact ice 
features which provide the recognition elements, a detailed 
aircraft and surface properties program is necessary. 

A field program in the central Arctic is reco mme nded 
for this task. The technical objectives are the measurement 
of the surface microwave and physical-chemical properties 
of the ice species including ice floes, ridges, melt ponds and, 
if present, the transition ice in the leacs. An aircraft 
program should produce mosaics of a 50Km x 50Km square 
for velocity and ice concentration studies on a 3 day interval 
for a 30 day period. If available, an icebreaker can be 
employed for logistics. A buoy program can provide 
meteorological information. Free-drift type ice models can 
be run and compared to the acquired dynamics data far 
assessment of parameterization needs and problems. 

This task is expected to require 3-5 years of effort over 
a 5-year period, plus data acquisition support. 

These three field program contain many common ele- 
ments. AH require surfoce parties to perform microwave, as 
well os physical-chemical studies of ice species properties. 
All require exteroive aircraft support for the primary data. 
The ice edge <xtd summer ice experiments would benefit 
enormously from ship support— the ice edge experiment 
would probably be unsuccessful without it. This situation 
colls for inter-ogency collaboration. This should not be a 
problem as these research areas have become pressing to a 
number of civilia* and military tasks. Finally, modeling is a 
key component in all four research program elements. This 
reflects the high importance modeling has attained in sea 
ice work because of the complexity of the problems. 
Aircraft time to complete alt programs will be between 200 
and 300 hours. 

GLACIERS AND ICE SHEETS 

The potential of SAR to contribute to studies of glaciers 
and ice sheets does not appear to have received much atten- 
tion. The activity in glacier remote sensing has been largely 
focused on the use of airborne radio echo sounders (10-60 
MHz) to profile the bottom surfaces of such ice masses and 
also to study patterns revealed by internal reflections within 
these mosses. Another <rea of activity is the utilization of 
spoceborrve radar oltimtivrs to determine detailed profiles 
(lm)of the upper surfoces of the larger ice bodies, in par- 
ticular, those in Greenland and Antarctica. 

Although rodor data exists of some glocier systems that 
were imaged as targets of opportunity, systematic studies 
have not been mode to determine the potential applications 
of this data. A number of possible applications con readily 
be suggested. For instance, the delineation of morainal ma- 
terial beneath a snow cover, the determination of the firn 
line, the sensing of structures within glaciers, and the utili- 
zation of rodar reflectors in the ice flow problems. 

Preliminary studies have suggested that the development 
of a synthetic aperture rod or profiler for ice sheet studies is 
a def inite possibility. The development and deployment of 
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such an instrument would permit detailed profiling of the 
berfroefc surface beneath ice sheets and the mapping of a 
variety of inlernal structures within these ice bodies. 
Inasmuch as bedrock shapes change extremely slowly, these 
are essentially one-time measurements. Therefore, such a 
program could be ideal for deployment via Shuttle. 

Analysis of radar altimetry data fiom Greenland ob- 
tained by the GEOS satellite has shown that great im- 
provements in the knowledge of the surfoce topography of 
ice sheets are passible using such techniques. Systematic 
collection and analysis of such data, combined with profiles 
of the ice-bedrock ir.terfoce, will finally allow precise 
estimates of the mass of ice contained in these large ice 
sheets. Sequential measurements of such data separated by 
times of a few years, will also give good estimates of the 
mass balance of the ice sheets. This information is very 
important in many aspects of the study of climate. In 
addition, the preliminary studies of the GEOS data have 
shown surface irregularities that may be kinematic waves, 
i.e., "rapidly" moving surface expressions of the flow 
processes within the ice sheet. Also, because radar 
altimetry obtains information on the roughness of the ice 
and snow surfoces, it may be passible to map changes in the 
development of sastrugi fields. 

TASK i : Glacier and Ice Sheet Study 

The objective of this task is to assess the utility of SAR 
data for studies of glaciers and ice sheets. Previously ac- 
quired radar image data will be used in this effort. 

Much SAR data of the glociers of Alaska, Scandinavia 
and Canada have been acquired by NASA and other aircraft. 
These data have apparently not been studied in detail. Some 
of the glaciers overflown are subjects of long-term study 
and remain fruitful sites for the study of ice flow charac- 
teristics. Also, icebergs calved from coastal glociers are 
significant navigational hazards in the bays of Alaska, Baffin 
Bay and other waters. Since SAR information would 
originate from berx*oth the surface as well as at the surface, 
it is likely thjt characteristics related to the nature of the 
flow of the ice could be cfiscernible in the imagery. A 
modest data examination effort is justified. A 2 man-year 
effort is required. 

TASK 2 : Polar Ice Sheet Soundings 

The objective of this task is to determine the bedrock 
topography of Greenland and Antarctica by deploying a radio 
echo-sounders device (100-200 MHz frequency) aboard the 
Space Shuttle. 

At present, bedrock topography is being studied by oir- 
borne radio echo-sounder in Greenland and Antarctica. This 
process is quite slow, especially in Antarctica where only o 
few dedicated flights per year ore possible. Also, operations 
in Antarctica we very expensive and the available research 
facilities we needed fw a diverse vwiety of programs. The 
measured bedrock topography is useful for two disciplines: 
ice sheet dynamics far correct gravitational fweing, and 
geology fw tectonic processes. Also, airborne data from 
Antwctica shows complex and tantalizing laminar structures 
within the ice sheet. These structures may tell a great deal 
about ice sheet strain and flow. This program would shorten 
the time required to obtain detailed coverage of Greenland 
and the Antarctic by many yews, possibly decades. 

Two yews (4 man-yew effwt) we needed for program 
definition and 3 tore years ore required to implement and 
deploy the sensw. 

TASK 3 : Interpretation and Utilization of Rodar Altimetry 
Data F rom Ice Sheets 

The objectives of this task we to produce improved 
surfoce topography of Greenland and the Antwctic, develop 
automated procedures to foci I i tote such work, and to 
explwe the potential for the use of ? Cdut altimetry to study 


kinematic waves and the roughness of snow surfaces. The 
approach Is to utilize all pertinent rodar altimetry <hra from 
the GEOS satellite and from the proposed N0$$ satellite to 
determine the topography and study the waveform charac- 
teristics of the surfaces of these ice sheets. 

The quality of the topographic maps of Greenland and 
Antarctica is very poor, in some cases, major top ogra p hi c 
features such as large domes have been completely missed. 
Improved topography of the quality possible by the use of 
radar altimetry will also finally allow occur ate estimates to 
be mode of the mass balance of these ice bodies. In 
oddi t ion, it has never been possible in the past to observe 
kinematic waves on ice sheets. The study of this pheno me na 
will contribute to a better understanding of ice dynamics. 

A large set of data useful to this pr ogra m already exists. 
Systematic analysis of this data should be started. Also, 
procedures should be developed to automate the reduction of 
this data and to speed Its incorporation in a continually up- 
dated map and data bank. 

TECHNOLOGY 

This section begins with a summery of the research needs 
identified by the agriculture; geology; land cover; and water, 
ice, and snow panels. From these research needs, specific 
requirements for technology development activities are 
enumerated. These technology development needs are then 
surveyed to identify those rodw systems and engineering 
development activities which we a common denominator to 
addressing the resewch needs. The systems already in 
existence we identified and evaluated ogoinst the indicated 
needs. This information is then used to identify gaps in 
radw systems and data processing technology, including new 
truck, helicopter, and aircraft rodar systems covering 
missing frequencies and polwizations, as welt as required 
improvements in existing rodw systems and data processing 
techniques. 

The Technology Panel also identified broad categories of 
engineering development activities which are required in 
order to meet the resewch needs identified by the other 
panels. These hardwwe and software development activities 
hove differing priorities which we in part determined by the 
priorities of resewch needs in the applications areas. 
Although the Technology Panel did not moke judgments on 
the priority ronkings of all the resewch needs, it foresaw 
that some of these engineering and systems-related develop- 
ments we crucial to a broad category of applications areas 
and should be undertaken as soon as possible. Others have 
intermediate and long-term recommended development 
schedules. 

The greatest problem facing the octive microwave 
remote sensing community at present is the difficulty in 
acquiring timely, quantitatively significant, and repeatable 
measurements of rodw return. Therefwe, it should be 
stressed that the greatest immediate need in the technology 
area is to update, refurbish, calibrate, and improve the 
reliability of the present truck and aircraft scat ter ometers, 
as well as the present aircraft imagers. This priwity is 
underlined by the increased demand fw calibrated radw 
data as reflected in the specific resewch needs identified by 
the applications panels. The second greatest priwity is to 
increase the number of fully-instrumented truck- scatter o- 
meter systems and to moke them more mobile and data 
efficient. 

SUMMARY OF RESEARCH NEEDS 

In attempting to determine the expected demand for 
data acquisition and processing systems and facilities result- 
ing from the proposed resewch program, the Technology 
Panel reviewed the objectives advanced by eoch discipline 
panel. These were analyzed to determine the type and 
number of sensors and support systems needed. These needs 
were then compared with the present inventory and any 
deficiencies were noted. The technology tasks specified 
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later ad wees these deficiencies. 

The research objectives of the discipline panels are, 
generally* 

Geology 

1. Provide on extensive SAR data base of land areas, 
with unifo*r.i viewing geometry, resolution equivalent to 
Larxbo* l) Thematic Mapper, large incident angle, at least 
50km swath width, and geometric fidelity sufficient for 
cartographic and radargranmetric purposes. 

2. Determine quantitative relationships between geolog- 
ic materials and the SAR system parameters, such as (a) 
measurement of radar backseat ter as a function of system 
parameters and geologic surface variables, (b) quantifica- 
tion of relationships between rodar imaging geometry and 
tand surface topography, and (c) correlation of current 
knowledge of geobotanic relationships with SAR response to 
vegetation. 

3. Determine the extent to which rodar imogery can be 
used for relating texture to surface units and tone to 
lithologic units, for ckainoge pattern mapping, and for 
mapping of correlated (geologic and nongeologic) lineaments 
and uncorrelated lineaments. 

4. Expend concentrated effort in area of education and 
training for geologists in SAR interpretation. 

5. Improve methods for archiving and distributing exist- 
ing SAR data and develop plans for handling future data. 

Agriculture 

1. Determine rodar response from crop lands in terms of 
scene radiation characteristics and electrical parameters. 
Relote radar return parameters to physiological attributes 
through models. 

2. Determine basic rodar response from forests in terms 
of change in forest base, forest stand condition, forest type 
and extent, ond such radar system parameters as wave- 
length, polarisation, incident angle, etc. 

3. Determine optimum rodar parameters for measure- 
ment of soil moisture. 

4. Determine basic radar response 'o rangeland vegeta- 
tion (acreage, type, biomoss, etc.) and identify optimum 
radar parameters such as wavelength, angle of incidence, 
polarization, etc. 

5. Determine usefulness of aircraft SAR imogery in 
mopping near surface soil salinity over wide soil moisture 
range in both North Central Plains and in irrigated agricul- 
tural areas. 

6. Develop techniques for extension of point measure- 
ment of radar return to extended area rodar return by 
identification of optimum cell size parameters, etc. 

7. Investigate the utility of image analysis and pattern 
recognition techniques in relating multi-spectral and multi- 
temporal imogery from both rodar and visible/infrared (VIR) 
data over extended scenes of crop land, forests, and 
rangeland to taxonomic units, e.g., crop type or condition 
attributes, e.g., crop vigor. 

8. Investigate data preprocessing required (o) to remove 
unwanted effects in rodar data and (b) to register the radar 
dota so as to be compatible with other radar or VIR data. 


Land Cover 

1. Establish un active microwave spectrometer data 
base of urban to rural microwave spectra. 

2. Investigate relationship of environmental and tempo- 
ral factors of land cover to rodar system parameters. 

3. Improve preprocessing ond classification algorithms 
for use in land cover pattern recognition. 

4. Investigate the feasibility of producing radar image 
data to meet National Map Accuracy Standards for carto- 
graphic and planimetric accuracies. 


Water, Ice, ond Snow 

1. Determine ‘he capability of rodar sensor data to 
assist in development of hyrkologic models at varying levels 
of spatial resolution with special emphasis on soil wntnesi. 

2. Establish sensitivity of rodar bock scatter to snowpack 
characteristics (especially wetness) and to underlying sur- 
face conditions. 

3. Document capabilities of rodar sensors to measure 
types, velocities, strains, etc. of floating ice, with special 
emphasis an marginal ice zones of Arctic ice pack. 

REQUIREMENTS FOR TECHNOLOGY DEVELOPMENT 

The previous section enumerated specific research neerh 
which were found by the application panels to be essential 
requirements for answering basic questions on the potential 
of rodor remote sensing. Each panel outlined a plan for 
addressing each research need, ond in many coses they 
requested radar data sets at a variety of frequencies, 
polarizations, angles, etc., ond from truck, helicopter, 
aircraft and spacecraft platforms. In some coses, the 
requested radar data set was derived from previous radar 
measurements from trucks or aircraft platforms in programs 
where an optimum set of rodar parameters was identified 
under site or time-specific conditions in the field. Examples 
of this include rodar response from crop 'mds, moist soils, 
and snowpacks. In other coses, the request for rodar sensor 
data is based an theoretical models or inference from the 
results of analogous experiments in other similar research, 
or from the results of only one experiment. Examples of 
this include research studies of quantitative relationships 
between geologic surface variables and radar system para- 
meters. Finally, there ore high priority research needs and 
associated technology reqtr-ements associated with such 
areas as forestry, rangeland, and land cover for which 
almost no baseline data sets exist at present and for which a 
broad range of frequencies, angles, etc. are required in order 
to support the research needs. 

In this section, the requirements for acquisition and data 
processing systems as derived from the relevant research 
needs . It is important to note that in almost all of the 
research needs there are requests for timely, calibrated 
radar data from a voriety of platforms and at several 
frequencies ond incident angles. These acquisition and data 
processing systems requests have been broadly categorized 
into three elements; 

1. Rodar sensors required. 

2. Calibration and registration required. 

3. Data processing and merging required. 

This may be viewed as a first-tier organization of 
technological requirements from the applications com- 
munity. A second tier translates this into more detailed 
engineering systems design problems which arc beyond the 
scope of this report. The requirements for sensor systems 
ore summarized in Table 7 and are discussed in the 
following. 

Geology 

Provide Extensive Land SAR Doto Bos e - This research need 
specifies a requirement for a spoceborne SAR, although it 
does not delineate specific plat.crms (Shuttle or free- 
flyers), nor specific optimum frequet cies. An incident angle 
large enough to avoid layover is required and a swath width 
of at least 50km is needed. Resolution equivalent to 
landsat-D Thematic Mapper and geometric fidelity suffi- 
cient for cartographic and rodar^ammetric purposes is 
needed. There is agreement that on X-band imager would be 
useful. 

Determination of Quantitative Relationships - This is a 
requirement for o broad category of studies to establish 
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specific and quantitative relationships between geologic 
surface variables and the parameters of a radar system used 
to sense those surface expressions. This would be investi- 
gated through point and extended area rodar measurements 
by the us# of truck scatter ometers (I- 18 GHz), aircraft 
scatter ometers (L, C, and X-band from 10° to 60°), and by 
L, C, and X-band aircraft imagery with variable resolution 
adequate to separate different levels of surface roughness. 
Multiple polarization and a wide range of angles are 
required A relative calibration of - I dB, and an absolute 
calibration of - 2.5 dB is required for all radar sensors. 
Multi-frequency SAR images would be merged, and multi- 
polar izat ion images at the same frequency would be merged 
For the study of rodar imaging geometry to land surface 
topography relationships, registration of stereo aircraft 
Seasat and SIR-A radar imagery to digital terrain data, 
along with equalization of scale and resolution is required 
For the study of radar imaging geometry to geobotanica! 
factors, equalization of scale and resolution for multi- 
frequency and multi-polarization aircraft imagery is re- 
quired 

Determination of Usefulness of Radar Imagery - This re- 
search element would make use of both Seasat and SIR-A 
imagery for texture and tone studies, along with additional 
aircraft X and L-band SAR imagery. Selected ground sites 
would be spot-checked with high-angle L and X-band truck 
scotterometer data with the same polarizations (HH, HV, 
W). SAR and Landsat data would be merged for studies of 
topography over heavily canopied areas. Data processing 
procedures would include registration and equalization of L- 
band and X-bond aircraft SAR imagery. 

Agriculture 

Determining Radar Response from Crop Lands- Fundament- 
al rodar research at the University of Kansas has suggested 
that optimum rodar discrimination among crop types (corn, 
soybeans, milo and wheat) and sensitivity to crop condition 
is found in the 10- 1 A GHz frequency bond, for incident 
angles between 45° and 60 , using W and HH polarization, 
at specific sites and times during the yowing season. In 
order to confirm this prediction, independent measurements 
by truck, helicopter, and airborne scotterometers operated 
in the X and K -bands and at high incident angles are desired, 
along with X-£and aircraft SAR imogery, W and HH 
polarized ot 50 angle of incidence. The truck dota would 
be token weekly ot five test forms, and would be comple- 
mented by helicopter ond aircraft X and K-bond scatter o- 
meter data at five times during the g< owing season during 
two consecutive years. X-band aircraft SAR imogery would 
also be obtained simultaneously with the aircraft scatter o- 
meter overflights. A radar relative calibration of - I dB, 
and a geographical registration of - 25m is required. It is 
envisioned that visibie/infrared data from the C-130 aircraft 
ond X-band SAR data from the WB-57 oircraft would be 
merged. Also, it will be necessary to merge multi-temporal 
data. Preprocessing procedures are needed which (a) reduce 
data dependence on look ond incident angles, (b) eliminate 
atmospheric effects, (c) reduce speckle effects, (d) geome- 
trically register imagery with stondord projections, (e) 
eliminate topogrophically-induced image distortions ot the 
high frequencies, ond (f) identify the effect of resampling 
from the above corrections. 

Determining Radar Response from Forests - Although some 
preliminary qualitative pRoto-interpretative investigations 
of radar response from forests have been conducted using X- 
band radar imagery, no systematic quantitative investiga- 
tions of optimum rodar parameters for forest condition, 
species and changes hove been undertaken. However, 
because of the similarity between the physics of the 
interaction between microwave energy and o forest conopy 
and that of a crop land canopy, there is reason to believe 


that optimum rodar parameters can be Identified far both 
areal extent and condition of the forest canopy. X-band 
radar data will be used far determination of areal extent, 
and C-band data will be used for condtlan determination. 
Because of the special problems inherent In obtaining 
baseline data sets from canopies often exceeding 30m 
height, the prime platforms for scotterometer data would be 
helicopters and aircraft, both acquiring X-band and C-band 
data from 0° to 60° incident angle. This research need also 
would be addressed by the acquisition of X-band and C-band 
aircraft SAR dota taken at five times yearly during two 
consecutive years, C-band and X-band truck scotterometer 
data would also be taken for smaller height coniferous forest 
species, e.g., Juniper, etc. A radar relative calibration of - 
1.8 dB is required at X-band ond - 1.0 dB at C-band. A 
geographical registration of - 20m is required at X-band 
with - 50m at C-band. In addition, there is a requirement 
for dual polarization capability at both X-band and C-bond 
in order to support the need for relating the polarized radar 
response to tree canopy structure. It is anticipated that 
aircraft SAR and C-130 MSS data will be manually (opti- 
cally) merged. 

Determining Optimum Rodar P or ometers for Mea su re me nt 
oT Soil Moisture - An extensive Tour year Jn^UfjotSi 
relating radar return to soil moisture has been reported by 
investigators at the University of Kansas, who found using 
truck-based scotterometers over bare and vegetated fields, 
that there is o strong correlation between the rodar return 
and soil moisture expressed os a percent of field capacity at 
C-band for an approximate 1 5° incident angle, for site and 
time-specific field conditions. This has not been confirmed 
by independent measurements. This research element would 
conduct such on independent investigation, using only truck- 
mounted scotterometers which would be operated ot both L- 
bond and C-band for incident angles between 5° and 20°, and 
for all polarizations ot several sites, over several years. No 
aircraft data are requested. 

Determine Rodor Response from Ronoeiond Vegetation - 
Some limited qualitative photo-interpretive investigations of 
rangeland mapping using X-band rodar imagery have been 
conducted, using texture and tone for delineating bounda- 
ries, etc. However, no systematic quantitative investiga- 
tions of rodor response to rongelond vegetation have been 
undertaken and no optimum frequencies, polarizations, or 
angles have been suggested. The potential of radar for 
measuring rangeland extent ond condition is based on 
phenologicol expressions of the water content in the canopy 
and the sensitivity of the rodar bockscotter to that water. 
This would be investigated by the acquisition of a baseline 
data set at L, C, X, and K -bands over incident angles from 
10° to 60° from both truck and aircraft scotterometei s, and 
from C-band ond X-band aircraft SAR Jmogers. Since the 
water content per unit canopy volume is low (in comparison 
to crop lands), the essential measurement is the detection of 
changes in water and, therefore, of bockscotter during the 
green biomoss season. Aircraft imogery is requested at two 
week intervals during two consecutive years of the green 
biomass season. Aircraft and truck scotterometer data are 
required at one month intervals during the first green 
biomass season. Rodar sensor relative calibration stability 
of - I dB over the entire green season is required in order to 
make multi-temporal signature measurements. 

Determining Rodor Response to Soil Salinity - A recent 
investigation by New Mexico bfote University scientists of 
the response of aircraft scotterometers to saline seeps in 
the North Central Plains has shown a Icvge change (about 20 
dB) in radar bockscotter ot L-band, 20 angle of incidence, 
when comparing saline seeps to non-saline surrounding areas. 
Although a portion of this is due to increased moisture 
associated with the seep, much of the measured response is 
due to the strong effects of soil conductivity seen at lower 
frequencies. This finding, based solely on aircraft data over 
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on# sit* in South Dakota and at one time during the year, 
has been taken ae a partial confirmation of the prediction of 
theoretical models that microwave back scatter should be 
strongly influenced by soil salinity, particularly at the lower 
f re q u encies where the conductivity effect is a strong 
component In determining the reflection properties of the 
soil. This res earch element envisions two geographical areas 
for confirmation of the soil salinity preliminary finding! one 
in the North Central Plains areas (for saline seeps) and the 
second in either the Coachella or Lower Rio Grande Valley 
(for saline irrigated agriculture). Truck radar HH and HV 
date at L-band and C-band (10 to kXr) is required at three 
times during the growing season, with supplementary air- 
craft scatterometer L-batd and C-band, HH ond HV, 15° to 
25°, data at the same times. Aircraft L-band and C-band 
SAR imagery would also be acquired at the same times. A 
relative calibration of - 2 dB is required for aircraft SAR 
imagery; o geographic registration of - 20m is required for 
the saline seep measurements and - 1 00m for irrigated 
fields. Multi-temporal merging of aircraft SAR data is 
required, along with improved methods of obtaining rapid 
measurements of electrical conductivity of ground-truth soil 
samples. 

Image Analysis ond Pattern Recognition Techniques - This 
research need would be addressea by the development of 
image analysis and pattern recognition techniques for use 
with X-band and K-band aircraft SAR imagery taken at 10- 
30 day intervals to coincide with MSS and TM passes, and 
with 10- 20m resolution, prior to speckle removal. No other 
aircraft or truck data would be required. A relative 
calibration of - 2 dB is required. There would be multi- 
temporal merging of oir^raft SAR data alone, along with 
multi-temporal merging of VIR data alone, single-pass 
merging of VIR ond SAR data, and multi-temporal merging 
of '1R ond SAR data. Data processing algorithms would be 
developed which would separate speckle effects from the 
true meso-texture of the scene. Techniques would be 
developed to relate statistical classes within radar imogery 
to statistical classes intrinsics to crop land, forest, and 
rangeland scenes. 

Land Cover 

Establish Dato Bose of Urban ond Rural Microwave Spectra - 
The present evidence of the potential of radar remote 
sensing to contribute significant information for land use/- 
lond cover investigations is based on a small set of 
independent radar images. These indicate that rodar 
bockscatter is extremely sensitive to the regular shapes 
characteristic of urban areas. The data also suggest that 
the depolarized component in radar bockscatter is distinctly 
different for cultural targets versus natural targets. How- 
ever, almost no datu suitable for quantification of these 
effects presently exist. 

The data base required includes aircraft scatterometer 
measurements at P, L, C, X, and K-bagds, all 0 polarizations, 
and a range of incident angles from 10° to 60°. In addition, 
because urban scenes do not lend themselves to truck-based 
sensor measurements, these type data must be acquired 
using helicopter -mounted sensors. These should be of the 
spectrometer type in the range 1-18 GHz. 

Relating Rodar Parameters to Land Cover Factors - A 
systematic analysis of urban/ suBurban environmental and 
temporal I ond cover characteristics as recorded in rodar 
image data is required. This can be accomplished by first 
obtaining synoptic, high quality SAR images over eight urban 
areas once during each of four seasons in a one year period. 
The primary data base required includes multi-frequency (L, 
C, ond X-band), multipolarization aircraft SAR imogery. In 
addition, aircraft multi parameter scatterometer dato are 
desired to extend the core data base previously specified. 


Determining Cartographic Properties of SAR Do to - There it 
o need to determine the ISompaTlEiRfy of 5AK data with 
National Map Accuracy Standards at scales of at least 
1 1 250,000. This will require spocebome SAR data far two 
ascending and two descending orbits over flat, undulating, 
ond mountainous terrain. 

Water. Ice, ond Snow 

Determining Hydrologic Applications of Roby Data - As 
was discussed In the Water, Ice, and $now Panel report, this 
objective involves several tasks. The data needs include a 
wide range of sensor systems, including Seasat SAR, 
airborne SAR, aircraft scatterometer s, and ground-based 
rodar systems. Of particular importance in this research 
need is improved quality of measurements ond increased 
data processing capability. An oreo of special concern is 
research on soil moisture measurement capabilities. The 
ongoing research effort on this topic has been handicapped 
by on inability to obtain usable scatterometer data for 
analysis even after the data have beer) flown. Delays of 
over a year have been common. This situation affects all of 
the proposed research tasks, and if new sensor systems are 
acquired, as recommended in this report, the problem will 
become acute unless a substantial improvement in data 
processing facilities is made. 

Determining Radar Sensitivity to Snow pock Conditions - The 
present urxjerstcndlng of the influence of snowpodTproper- 
ties on radar bockscatter is based primarily on limited 
truck-based rodar data. The existing airborne rodar data are 
inadequate to support quantitative analyses. Consequently, 
extensive dato acquisition is required to meet this research 
need. The data required includes spocebome SAR (Seasat 
and SIR-A), airborne SAR (L, C, X, and K-band). aircraft 
scatterometer (L, C, X, ond K-band, 10° to 50“ incident 
angle), and ground-based spectrometer (1-18 GHz) measure- 
ments. The airborne radar image dato should have a relative 
accuracy of - I dB and should be digitally proces se d. 

Documenting Characterization of Floating Ice - Although 
the understanding of the interaction of rooar~~ energy with 
floating ice is reasonably well documented, there exists a 
need to extend this basic understanding to a stage where 
effective, synoptic monitoring con be accomplished. This 
requires the acquisition of controlled data sets of areas of 
special interest, e.g., ice edges in the Arctic. The doto 
needs include airborne SAR (L and X -band), airborne alti- 
meter, and airborne scatterometer (L, C, X, and K-band) 
measurements. In addition, a 100-200 MHz sounder is 
desired for operation from the Space Shuttle to permit the 
determination of bedrock topography of Greenland anu 
Antarctica. 

SYSTEMS REQUIREMENTS 

A review of the requirements for radar systems, dato 
processing improvements and other active microwave tech- 
nology developments clearly shows that certain of these 
systems development needs are shared by several of the 
applications areas and may be viewed os a common 
denominator to a viable program of active microwave 
research. Many of the rodar sensors and data processing 
techniques are already partly or fully operational. However, 
a number of new frequencies, polarizations ond platforms 
that are not now in the planning stoges will be needed if all 
of the requested research needs are to be met. 

The list provided in Table 8 is a summary of imaging ond 
noo-imoginy rodar systems which would meet the previously 
stated research needs. 

The mere existence of these rodar systems does not 
insure that the research needs outlined by the applications 
panels will be met. There are other crucial elements to 
meeting the research needs. For example: 
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Table 8 

SUMMARY Of REQUIRED IMAGING AND NON-IMAGING RADAR SYSTEMS 


Seaiati L-band, 20° HH 
SIR-Ai L-band, AS 0 , HH 

Aircraft Imoqinq Radars (NASA-operated) 

W8-57 X-bond SAR (JSC), W, VH, HV, & HH 

WB-57 C-bond SAR (JSC), VV, VH, HV, & HH 

CV-990 L-band SAR (JPL), W, VH, HV, & HH 

K-bond SAR or SLAR (non-existent), VV, VH, HV & HH 

Multifrequency (L, X, S, X ond K-band) multi-polarization SAR (non-existent) 

Aircraft Scatter ometers 


C-130 P-bond Scatter ometer, W, \A-t, HV, & HH 
C-130 L-band Scatter ometer, W, VH, HV, & HH 
C-130 C-band Scotterometer, W, VH, HV, & HH 
C-130 X-band Scotterometer, (non-existent) 

C-130 K-band Scotterometer 

Helicopter Scatter ometers 

L-band Scotterometer, dual-polarization 
C-bond Scotterometer, dual-polarization 
X-band Scotterometer, dual-polarization 

Truck Scatter ometers 

I - 18 GHz, duol-polarizntion, 5° - 70° (K.U. MAS) 

I - 18 GHz, dual-polarization, 5° - 70° ( Ji ’L) - under development 
L, C, X, K-bands, (Juat-polarization, 5 1 ’ -.70 (odd X-bnnd to JSC truck system) 
L, C, X-boriris, dual-polarization, S° - 70° (arid C and L-honds to TAMU system) 
I - 18 GHz, MAS, dual-polarization, 5° - 70° (new system) 


Note: This system would be a portable strap-on 
packoge for use with locally-availoble 
rental helicopters. 


Table 9 

EXISTING SYSTEMS 


Category 

Organization 

Frequency 

Polarization 

Angle of Incidence 

Processing 

Status 

Truck-based 

KU 

1-18 GHz 

Dual 



Operational 

JSC 

TAMU 

L.C.K 

L 

Dual 

Dual 

5° to 70° 


Planned 

Planned 


JPL 

1-18 GHz 

Dual 


Digitcl 

Under development 

Helicopter 

KU 





Needs system 
integration support 

Aircraft 
Scatter ometers 

JSC 

P.L, C, K 

Dual except K 

5° to 60° 


Operational 

Aircraft 

Imaging 

JPL 

L-band 

Dual 

0 to 60° 

Optical/ 

digital 

Operational 

JSC 

C, X 

X dual, C, HH 

X 10° to 60° 

Opticol 

Operational 

Radars 

(ERIM) 

L, X 


C 10° to 35° 

Optical 

Operational 


(Goodyear) 

X 



Optical 

Operational 


JPL/ JSC 

1-12 GHz 

Dual 

10° to 60° 

Digital 

Under development 

Shuttle 
Imaging Rodor 

SIR-A 

L 

HH 

45° 

Opticol 

Under development 
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1. Both image ana non-! mage ■■‘'l’a must be carefully 
processed to provide final date products *• a form which has 
clear quantitative meaning , r« terms ot radar cross section 
and location. Furthermore, process irvo f«:hniques must be 
developed which allow murqing of dai- f r multi-temporal, 
multi-frequency and multi poinrizaticr comparisons and 
composites. This requires -etui often* : an to system 
calibration and registration, whi h in turn demands a 
substantial engineering development effort. 

2. A seccnd element is the recoqn.tion thr.t for those 
high priority applications areas for which system* are 
designed, a very substantial investment mast be mode in 
data analyte and interpretation after the radar .-/stem has 
been shown to function properly. Unfortunctsly, in the past, 
this anal- sis/interpretation element has been poorly funded 
in relation to the sums span* on the roior system develop- 
ment so that the eventual nr potential utility of the data for 
which the system was ckvgned has often 'tot been conclu- 
sively demonstrated. 

3. A third element nr pn.(csochy implicit in most o,' the 

research needs is the assump i :,i that truck and aircraft 
scatterometer basic data, wh supplemented by aircraft 
imagery, cat be used U yo/’d* <; convincing case for the 
utility of spoceborne SAR a d t : nieetirg botic information 
needs. However, .or any ven :r ,;if : c proposed synoptic 
data need vuch as thy men. v> , if of s now pock water 
content, it must r. o h > cV . .*tr ‘ad that SAR system 
design paromevr . "'.'ll be .ne n ti.'icd wni.-h will eventually 
lead to spo- mg ie*v wl. ch cat be j:,ed to measure 

snowpacK * .ess. ’ ■ other words, rhe- tr'ick or aircraft 
data he » yrablishc-d a sensitivity of radar ta to a scene 
char r ,tt istic, will then be necessary tu detine and verify 
spa.'jhorne SAi ! parameters required for that ^plication. 

There is a need common to almost oil of the require- 
ments for SAR imagery for preprocessing procedures which 
is to (o) reduce data dependence on look and incident angles, 
(b) efminate atmospheric effects, (c) reduce speckle ef- 
fects, (d) geometrically register imagery with standard 
projections, (e) eliminate topographically induced image 
distortions at the higher frequencies, and (f) identify the 
effect of resampling after these preprocessing corrections. 
For aircraft scatterometer data, digital processing proce- 
dures must be used which correct for the aircraft flight 
parameters and which provide calibrated profiles of radar 
scattering coefficient versus a nodir time which con be 
easily related to ground location by correlation to photo- 
graphic images. Finally, in addressing the widespread 
research need for merged imagery from a variety of sensors, 
there is o requirement to examine the feasibility of standard 
merged projections and to document the data processing 
tasks necessary to support this requirement. 

EXISTING RADAR SYSTEMS 

Table 9 is a much simplified summary of the radar 
systems which are now either in existence or which are 
under development. It is especially noteworthy that there 
are no operational helicopter-borne scatterometer systems 
in existence, and that most of the aircraft imagery is 
presently processed by optical techniques. 

REQUIRED TECHNOLOGY DEVELOPMENTS 

In view of the previous two sections, it is apparent that 
additions to the present complement of scatterometers and 
imaging radars are needed if ail of the applications needs 
are to be met. A summary of needed technology develop- 
ments, as derived from the previous discussion, is presented 
in Table IQ.without ranking by priority in terms of research 
needs. 

Truck-based Scatterometers - It is clearly apparent that the 
present truck-based scatterometer systems cannot cope with 
either the data quantity or the timeliness required for 
meeting the research needs of the applications areas. 


Truck-acquired measurements of the radar scattering coef- 
ficient are crucial to basic research needs in the areas of 
crop land, soil moisture, rangeland vegetation, quantitative 
geology, hydrology, and s nowpoc k In ves t ig a tions. The only 
fully operational truck-based 1-18 GHz spectrometer is the 
University of Kansas system. In order to take advantage of 
other truck systems which have partial capability, it is 
recommended that an additional X-band dud-polarized 
channel be added to the NASA/ JSC system, and that both C 
and L-band channels be added to the Texas A & M truck 
system. The JPL 1-18 GHz truck-based sp e ctr o me te r should 
be completed. In view of the fact that these four systems 
miqht still he unable to meet the stated research needs, an 
entirely new truck scatterometer university-based research 
facility may be required. This would serve the purpose of 
complementing the present optical ref le ctance measure- 
ments and also corroborate and extend the results which 
have been obtained with the Kansas system. This should be 
a 1-18 GHz spectrometer. 

Aircraft-based Scatterometers - In order to answer the 
research r ee3s for 5osJc"Tnformotion on optimum frequen- 
cies fc: c land, forest and geology remote sensing, it will 
be m :'**.*> to odd an X-band dual -polarization .scattero- 
meter iu the NASA/JSC C-130 aircraft and also to add 
cross-polarization capability to the present K-bartd scattero- 
meter. 

Helicopter-based Scatterometer - Basic research needs for 
fundamental data in the areas of forest and urban land cover 
remote sensing require scatterometer data over a wide 
angular range from a platform that can either hover or 
traverse over selected areas. In order to minimize total 
systems cost, this scatterometer system would be used as a 
strap-on package for use with locally available rental 
helicopters. 

Aircraft SAR Imagers - The present NASA/ JSC C-band SAR 
acquires data In the HH mode. Dual -polarization capability 
should be added to this WB-57 imager. Digital processing 
capability is needed for alt aircraft SAR imagery, including 
the JPL L-band SAR which at present has limited digital 
processing capability. In order to answer fundamental 
questions on optimum frequencies (X versus K-bands) for 
rodar remote sensing of crop lands, a new K-band aircraft- 
based SAR may be required. Since this would require a 
completely new system development which would be rela- 
tively costly, a recommendation for the engineering devel- 
opment of such a system would come only after a careful 
examination of X end K-bond aircraft scatterometer data 
showed that there was justification. 

Basic Engineering Technology Development F/forts 

In addition to the above specific rador systems, there are 
numerous fundamental technology efforts which are neces- 
sary in order to support the research needs of the applica- 
tions areas. These can be broadly grouped into (I) system 
calibration and data processing and (2) advanced engineering 
systems. Of these two general areas, the most important 
task is the calibration and standardization of ch,a from 
existing aircraft scatterometer and imaging radars. This 
means that reliable, calibrated and standardized data must 
be available from the present complement of sensors in 
order to moke meaningful quantitative measurements. Af- 
ter demonstrating the potential of the present instrumenta- 
tion to provide repeatable measurements, implementation of 
advanced engineering systems concepts such os multi- 
frequency, multi-polarization, calibrated SAR sensors con 
proceed. 

The technology panel has oddressed several tasks which 
can De grouped under these two heodings, as summarized 
below: 

System calibration ond dgto processing 

I. Establish system calibration standards in relation to 
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Table 10 

NEEDED TECHNOLOGY DEVELOPMENTS 






(not ranked by priority) 



Category 

Organization 

Frequency 

Polorixottan Angle of Incidents 

Practising 

Statue 

Truck baled 

JSC 

TAMU 

JPL 

University 

X-band 
C, L 

1-18 GHz 
1-18 GHz 

Dual 5° to 70° 

Dual 

Dud " 

Dual 


Add to present 
system 

88 

Complete 

New 

Scott sromtters 

JSC 

JSC 

JSC 

L-band 

X-band 

K 

81 

Dud " 

Crow ■ 


Reploce outmoded 
L-band hardware 
New X-band system 
Replace outmoded 

is nofowwii 

odd dual potarlzo- 
tion 

Helicopter 

JSC/KU 

L-band and 
l-ISGHz 

Dual » 


Adaptation of 
KU system 

Aircraft 

JSC 

JPL 

C-band 

L-band 

K-bond 

Craas I0°toftf 

Dual * 

Digital 

Add to present 
Add (fgi tel process- 
ing to present 
L-band 
new 








user needs. 

2. Image quality standardization for SAR imagery. 

3. Preprocessing at pixel level of SAR imagery. 

4. Determine system accuracy requirements for radar 
stereo imaging. 

5. Determine effect of azimuth radar return dependence 
on image calibration. 

Advanced engineering systems concepts 

1. Development of high cupocity, high quality SAR 
processor facility. 

2. Development of squint-mode multiple beam SAR 
systems and use of advanced digital processing device 
technology. 

3. Studies of bistatic rodar in remote sensing. 

Each of these engineering development efforts can be 
considered supportive in some sense of the general research 
needs of the applications areas, even though those efforts 
may not be specifically requested in the form given above. 
It is not always possible to make clear judgments assigning 
priorities to these basic engineering development efforts in 
a way which relates directly to the stated research needs, 
and this report makes no attempt to do so. 


TECHNOLOGY DEVELOPMENT PLAN 

The technology development plan presented here is 
designed to meet the broadest base of high priority 
applications research needs using both existing ond new 
rodar systems ond associated data processing techniques. It 
ts structured through four broad development tasks, each of 
which encompasses specific subtasks. These development 
tasks ares 

1 . Improvements to present rodar systems. 

2. New truck and aircraft systems. 

3. Data processing ond calibration techniques. 

4. Advanced rodar systems. 


TASK It Improvements to Present Rodar Systems 

This development task encompasses seven subtasks, all of 
which we designed to produce a substantial improvement in 
the capabilities of the present truck and aircraft rodar 
systems to produce reliable and quantitatively meaningful 
data products. This would be accomplished by replacing 
outmoded ond unreliable hardware on two of the existing 
aircraft scatter ometers, by adding additional frequency 
bands to the JSC ond T AMU truck systems, by completion of 
the JPL 1-18 GHz truck microwave spectrometer, by odding 
dual-polarization capability to the JSC C-band SAR, and by 
adding high capacity digital processing capability to the L, 
C, and X-band alrcrafi SAR systems. 

The backbone of the NASA active microwove remote 
sensing program is the complement of existing truck-based 
and airborne scatter ometers jnd SARs which are operated 
from NASA/JSC, JPL, KU raid TAMU. These sensors will 
continue to be the prime sources of data for the next several 
yews. In order for these rodar systems to fill the stated 
research needs of the applications areas, they must be mode 
much more reliable and data efficient than has been the 
case in the past; furthermore, there are missing microwave 
bonds on each of the platforms that must be filled In order 
to meet an expected increase in user load. 

The technical objectives of this development task we tw 

A. Add an X-band dual-polarized scatterometer to the 
NASA/ JSC truck system. 

B. Add C ond L-band dual-polarized scatterometer 
channels to the TAMU truck system. 

C. Complete the JPL 1-18 GHz truck -borne active 
microwave spectrometer. 

D. Replace outmoded hwdwwe on the NASA C-130 
L-band scatterometer. 

E. Reploce outmoded hwdware raid add dual-polari- 
zation capability to the NASA C-130 K-bond scatterometer. 

F. Add digital processing capability to ull aircraft 
imagers. 
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G. Add dual-pt.\irlzation capability to the WB-57 C- 
bandSAR. 

Subtosk A; X-band dual-polarized scatterometer for JSC 
truck system 

The specific objective of this subtask is to provide an 
additional channel which, taken together with the K-band 
existing channel, will provide X versus K-band basic radar 
response data for use in addressing stated user needs in 
crop land, forest, rongelond vegetation, geological studies of 
radar return from lineaments, soil wetness, and snowpack 
investigations. With such o wide range of reseorch require- 
ments for truck data, it is clear that the present Konsas ond 
JPL truck systems cannot cope with the volume of basic 
date required. The least expensive solution to this problem 
is to upgrade end supplement the other existing truck 
systems. The scatter ometer design would be a modified 
version of the FM-CW radar used in other bands. When 
completed, this would mean that the JSC system would hove 
full dual-polarization cover oge from 10° - 60° angle of 
incidence at L, C, and K-bands. 

Subtask Bt C and L-band dual-polarized scatterometers 


This addition to the existing Texas A & M ( T AMU) 
act ive/poi, live truck system has the same objective as that 
of the JSC .‘ruck system. The present TAMU system has X- 
bond scatterometer capability, ond the addition of C and L- 
bands would bring this instrument to maturity for use in 
supporting a wide variety of research needs for truck- 
acquired radar data. 


Subtask C: 


Complete the JPL 1-18 GHz truck-based oc- 
tive microwave sptrometer 


Subtosk Pi Replace outmoded hardware an the NASA C- 


•fTOinP7.Hr 


TNs scatterometer is an aging radar built In I H9, It has 
hod a long and notorious history of equipment and antenna 
failures which stem primarily from materials p ro b lems . The 
antenna must be replaced if the L-bartd scatterometer is to 
become a reliable source of data) other system modifica- 
tions and replacements are also necessary. 


Subtosk Et 


iloce outmoded he, uware on the NASA C- 
K-bandscotterometer and odd dual-polar - 


This scatterometer has also experienced numerous fail- 
ures which are related to a need for modernization of the 
components. At present it is singly polarized. It will need 
an additional channel and antenna to bring the instrument 
into dual-polarized operation. This capability is especially 
needed to support basic research needs in the radar studies 
of crop lands. 


Suctask Fj 


Add digital processi 


ems 


ility to all oircraft 


At present, the JSC C ond X-band SAR system, and the 
JPL L-band SAR imagers use primarily optical data process- 
ing. However, in order tc meet the demand for aircraft 
acquired imagery for use in detailed quantitative studies ot 
the pixel level, it is necessary to replace the present optical 
processors by digital processors. Although some of the JPL 
L-band aircraft SAR data has been processed by the Seasat 
processor, this is a very slow and inefficient meant of 
obtaining digital representation of the imogery. At present, 



A. X-bond truck scotter- 
ometcr JSC 


C and L-band TAMU 
scatterometer 


I00K 75K 


C. Complete JPL 1-18 
truck scatterometer 


D. Upgrade C- 1 30 L-band 
scatterometer 


E. Upgrade C- 1 30 K-bond 
scatterometer 


F. A/C SAR digitol 
processor 


G. C-bond SAR dual 


250K I00K 


250K I00K 


350K 200K I50K 


300K 50K 










NASA/JSC I* implementing a limited capacity digital labor* 
atwy-based processing facility. However, this would not be 
able to Itandle the large volume demand for high quality 
imagery such as required to meet the stated research needs. 
Tt# digital processing facility proposed here would handle L, 
C, X, and K-bond „AR data aid insure processing to a 
uniform standard. 

Subtask G» Actel^duol-poiorizotion copobillty to the WB-57 

The present C-band WB-57 SAR Is operated as on HH 
polarized imager. Full dual-polarization capability is needed 
to meet the stoted r»'*ewch needs in remote sensing of 
forests, rangeland vegetation, soil salinity, geologic sur- 
faces, land cover, and snow pocks. 

TASK 2; Truck and Aircraft Radar System s 

Subtask A; Addition of duol-polcrized K-bond SAR to WB- 


This K-band SAR would provide dual-polarized aircraft 
imagery which would be complementary to the presently 
avoilabte X-band SAR imagery. The design would emphasize 
the ability of the aircraft system to directly compare X- 
bond ond K-bond radar imagery for critical research needs in 
crop land, forestry and geology remote sensing where 
optimum frequencies and polarizations suggested by truck 
data have not yet been substantiated by quantitative 
comparisons of K-band with X-bond imdgery. It should be 
noted that this is 0 relatively expensive procurement, since 
no off-the-shelf K-bond synthetic aperture rodor systems 
are presently available. (Some components of a real- 
aperture K-band system are available at JPL, but it is 
doubtful that quantitatively meaningful image comparisons 
could be made between synthetic aperture X-bond images 
ond real aperture K-band images.) The level of effort 
proposed here is based on using some of the electronics 
hardware from the modified Goodyear APQ-102 X-band 
system and supplementing this with two new K-bond shaped 
beam antennas, one for eoch polarization. 

Since this is a relatively expensive hardware procure- 
ment, it is recommended that if a stort is made it be 
postponed for three to four years, after the results of the X- 
band and K-bond C-130 scat ter ometer data flights over 
geological and agricultural test sites become known. If the 
results of these sea Iter ometer flights suggest strongly that 
K-hnnd imoaery would be greatly superior to X-band 
imogery for meeting these research needs, then a K-bond 


Imager could be recommended. 

the first technical objective of this development task to 
to examine the results of X-band and K-band scctterometer 
aircraft missions over oy I cultural and geological test sites 
to determine the relative radar return sensitivity of K-band 
as contrasted to X-bond. The second abjective would be to 
make a careful judgment of whether, in view of the co h er e n t 
nature of SAR imogery, a K-band aircraft SAR could be 
designed to provide the same measure of relative sensitivity 
with respect to an X-band Imogar. Finally, If these two first 
steps justified such an engineering deve l op m ent, the hard- 
ware procurement would be Initiated. 

Subtask B> Addition of X-band duol -polarized scotter- 
omeier to <f-l3o olrcroff"%»8 addition of cr^ 
board k attefo m^'er date 'processing facilit y 
for oil frequencies 

The present complement of scoffer ometer* an the C-130 
aircraft cover L, C, and K-bands in either dual or tingle 
polarization modes. Because of the basic re search need for 
data comparing X-band radar return to that from K-band, 
e.g., in studies of crop lands, and because optimum angles 
suggested by truck data how not been corroborated by 
aircraft data, this additional band would complete the 
frequency coverage of the C-130 system. In addition, the 
JSC-TAMU scatter ometer data processing facilities would 
be upgraded to provide better quality and more timely data 
products associated with all of the scatter ometer bands. 

This development task would be carried out over a two- 
year period and would consist of two technical objectives! 

(1) the addition of an X-band Doppler scatterometer with 
dual-polarization capability to the NASA C-130 aircraft, and 

(2) additions and improvements to the JSC-TAMU scattero- 
meter data processing facilities which would provide high 
quality, timely scatterometer data products for all of the 
scatterometer bands. 

Subtask Ci Adopt L-bond and 1-18 GHz duol-polarized KU 
helicopter-borne strap-on scolterometcrs, cn3 
develop I- IS GHz microwave octiw spectro - 
meter 

The objective of this development task is to create new 
basic research scatterometer instruments for the acquisition 
of radar return dato to support research needs in radar 
studies of crop lands, forestry, (ond cover ond other similar 
investigations. Particularly for land cover ond forestry 
co.” studies, the maximum length boom for any truck 
systems would be too short to produce radar return data 
which could be classified as trie far-field 'lata. Although 
aircraft scatter ometry data ore supplementary to helicopter 


TASK 2: Schedules ond Estimated Level of Effort 


Subtask 

Year 

1 

Year Yew Yew Yew 
2 3 4 5 


i ft 

i • _ i _i 

A. K-bond hardware 



development 


500K 300K 

B.l Add X-band A/C 



scatterometer 


250K IOOK 

B.2 Upgrade scatterometer 



data processing 

L,C 

X, K- 


bands 

bands 


IOOK 

IOOK 

C.l Helicopter scatterometer 



development 


50K 

C.2 New 1-18 GHz 
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data for thaw purpose*, the aircraft cannot dwell or. 
specific scenes of interest in urban and sjburban land cover 
investigations. Since helicopters are quite expensive, It Is 
proposed to use locally available rental helicopters and to 
use an existing L-band and 8-18 GHz scatter ometer avail- 
able from the University of Kansas which would be modified 
to be used as a strop-on Instrument. 

The second element of this plan would be to create o 
new truck-borne microwave active spectrometer with 1-18 
GHz coverage and full polarization and angular capability. 
The new truck MAS system would be used as the basis for a 
new university-based facility for the acquisition of basic 
rodor return data to support a wide variety of research 
need* that call for a volume of data that cannot be met by 
the existing KU system and the future augmented JSC, JPL 
and TAMU truck systems. 

The present Kansas scatterometer system, which has 
been used on previous helicopter missions, would serve as 
the basis for meeting the research needs for helicopter- 
borne scatterometer data. Some funds hove been requested 
for system integration, calibration, and data processing 
activities necessary to bring the system up to operational 
status. 

The new 1-18 GHz truck-based system would be designed 
along the lines of o similar 1-18 GHz JPL system presently 
under development. Such a system would be based at a 
university which has both the background experience in the 
objectives of remote sensing aid the necessary engineering 
expertise to develop and maintain the microwave system and 
data processing aspects of the facility. 

TASK 3: Data Processing and Calibration Techniques 

This task enc o m p a s ses five subtosksi 

A. Calibration and standardization of octive microwave 
sensors. 

B. SAR image quality/image registration and translation 
info system specifications. 

C. F ixel preprocessing of SAR imagery. 

D. Radar stereo theory and techniques. 

E. Azimuth angle dependence of rodor bockscatter. 

Subtosk A; Calibration ond standardization of active 
microwave sensors 

Calibration methods ond stondards will be developed in 
order for data sets from different time periods and for 
different sensor types to be compared with confidence that 
any differences noted ore true measured phenomena ond not 
due to differences in sensor calibration. 

Data sets obtained E *-'o different systems often yield 
conflicting data valu* 1 the orderly development of 
measurement needs it v * to hove a data set that is 
decoupled to (my r . > * stem ond only see the 

effects of the surfa. 

In order to compare exu tg octive microwave data from 
diverse sensors ond assure the accuracy ond compotability of 
ony future data, if is necessary to develop calibration 
standards ond procedures applicable to ground-based, air- 
craft-based, and spoceborne imoging r odors, scatter ometers 
and spectrometers. It is proposed that this study also 
provide adequate support to allow for the cross-calibration 
of oil relevant existing octive microwave sensors, particu- 
larly those participating in any ERSAR study programs. 

The objectives of this subtask are: 

1. Conduct a thorough literature search and consult with 
researchers in various organizations (such os, but not limited 
to, JSC, JPL, ERIM, GSEC, KU, UMC, TAMU) to ascertain 
techniques and accuracies currently employed to calibrate 
octive microwove sensors. 

2. Define ond fabricate, if necessary, a set of primary 
radar stondards for both point targets and disti ibufed 
targets, which is generally acceptable to the user and 
engineering communities, ond develop the appropriate expe- 
rimental techniques required for proper utilization of these 


standards. Particular attention is culted to fht difficult!** 
associated with fht fabrication of appropriate extended 
targets, ord the potential expense associated therein. 
Careful consideration wilt thus be given to existing man- 
made targets as well as natural targets. 

3. Conduct system studiee and develop prototype hard- 
ware where required far secondary radar standards. These 
portable standards will always accom pan y octive microwave 
sensors. They fall into two categories* (I) passive standards 
(conducting spheres, Luneberg Lens, and comer reflectors), 
and (2) octive standards (calibrated noise sources). Particu- 
lar attention will be focused an the active s ec o nda ry 
calibrators since these will typically a cco mp a n y SAR mis- 
sions, and a diverse collection of these devices cwronfly 
exists. 

4. Provide financial and technical support to relevant 
existing active microwave systems to facilitate their cross- 
calibration. Produce documentation that will set require- 
ments for future NASA-funded instruments, it is suggested 
that, where possible, two or more of any type radar, e.g., X- 
bond aircraft, be cross-calibrated to assure the occur ocy not 
only of the radars themselves, but the standards as well. 

5. Extensive facility support is required. Access to one 
complete set of equipment (L, C, S, X-band radar scatter o- 
meter) is probably required for developing the primary and 
secondary standards. Close cooperation of all other sensor 
groups is required to permit cross-calibration of the various 
instruments. 

The totol estimated level of effort over o 4-year period 
is 10 man years. In addition, it is anticipated that 
approximately $I50K will be required ir> procurements and 
support contracts. 

Subtosk Bi SAR Imooe quolity/imoge registration, ond 
translation into system specification* 

The objective of this study is to arrive of a uniform set 
of SAR image quality standards or definitions and where 
applicable, translate these into system specifications. This 
objective will be met by organizing a working group of 
recognized experts from each of the major organizations 
doing research in SAR systems. Where applicable, the 
definition of the imoqe quality parameters will ue translated 
into system specifications. The expected result of this study 
is a document defining, unambiguously, eoch of these 
parameters. These parameter definitions will subsequently 
be used in the calibration of instruments. 

A uniform set of imoge quality parameter definite w, 
used by both i«ers ond system designers, doet not exist. 
System calibration must be mode to a commonly used se* of 
standards in order to hove meaning. 

A working group of representatives of organizations 
doing rodor technological research and one representative 
from each of the following areas* Geology; Agriculture; 
Land Cover; ond Water, Ice, ond Snow will convene. This 
effort will be subdivided into four separate tasks* 

1. P or ometer Identification: A set of parameters 

meaningful to users and measurable to technologists will be 
defined. 

2. Parameter Definition: These parameters will then be 
unambiguously defined consistent with measurement techni- 
ques available. 

3. Measurement Requirements: A set of imoge meas- 
urement requirements vill be arrived at so that it is possible 
to measure the desired imoge quality parameters consistent 
with the definitions. 

4. Where applicable, these parameters will be translated 
into system specifications or requirements. 

This subtask also includes a study of the limits of 
position registration for spoceborne ond aircraft SAR sys- 
tems to determine the current state-of-the-art and techni- 
ques for post-image registration. 

The land cover and agriculture panels have stated that in 
order to study the effects of land use with time, it is 
necessary to gather dota over o period of time and register 
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images obtained at different times on a pixel by pixel basis. 
The ability of a SAR system to accomplish this is limited by 
platform errors (position, time) and SAR system timing 
errors. Before reliable pixel registration can be made, these 
errors must be identified and their values estimated. Once 
identified, techn’ques for improving registration can be 
defined. 

The various error bounds for pixel registration will be 
identified, and using a representative system design, their 
contribution to position location estimated. Using the 
nature of the resultant errors (linear, quadratic, etc.) 
existing correction algorithms can be identified or, if not, 
the requirements for them will bo given. The sources of 
pixel position errors will be identified as well as the 
procedures necessary to correctly register SAR data to a 
aiven required projection. 

This subtask wilt require a 4 man-year effort over a one 
year period. 

Subtask Ct Pixel processing of SAR imoqery 

The definition of pixel processing encompasses all 
digital processing after image formation and prior to 
specific imoge analysis applications within the various 
disciplines. The objectives of this subtask are to develop 
and evaluate specific digital processing techniques which 
could be used to present a user with a usable, refined digital 
SAR image. It is assumed that this <£gitai image is required 
by an applications group for analysis to meet their specific 
need. Included in this effort should be development of 
o.gorithms which have generalized preprocessing applica- 
tions which transcend the specific application. For the 
benefits of active microwave imagery to be fully realized, 
NASA will necessarily have to supply the user community 
with SAR data in a similar manner as Landsat imagery is 
now supplied. It is important to begin this octivjty in time 
to make beneficial impoct to the utility of SIR-A Follow-on, 
where digital images will be obtained from space in high 
volume. 

The approach for this research should focus on algorithm 
development for general purpose SAR applications to re- 
move known distortions (geometric and rodiometric) in the 
imagery. In order to evaluate the utility of the algorithms, 
some example imagery must be processed. Seasat imagery 
should be used, as well as certain aircraft SAR data for 
initial verification of the algorithm. 

The expected results of this subtask are a package of 
pixel processing algorithms for preprocessing SAR digital 
imagery which could then be treated similarly to Landsat 
type images. These algorithms should include: (I) image 
rectification, (2) registration, (3) geometric correction, (4) 
calibration mani^ Nation, (5) minimizing radar specific ef- 
fects such as image dependence on angle of incidence, 
speckle, etc, (6) compensation for a priori topographic 
effects, and (7) other possible plonimetric corrections for 
map-type applications. Not all of these algorithms need be 
employed on alt SAR images, but they do transcend any one 
specific application and should, therefore, be results of o 
general effort. In addition, a system specification for a 
complete hardware/ soft ware facility to handle preprocessing 
c* SAR images from space in the future should result from 
this research program. 

Justification for this subtask revolves around the cost- 
effective approach of providing these general preprocessing 
abilities in a central facility to efficiently produce SAR 
digital imagery in a user compatible format. The general 
utility of SAR images in the application community should 
be greatly enhanced by the product of this research 
program. Further justification can be made by citing 
previous NASA workshops which have yielded similar recom- 
mendations. In addition, the Applications Group Workshop 
Report points out specifically in Agriculture, Geology, and 
Land Cover Application areas the need for geometrically 
corrected imoges that could be reqistered with Landsat 
images to improve classification probabilities. 


The technical ab' actives of this lubkak ere to deveioD 
end evaluate pixel processing algorithms to be used in a 
preprocessing phase prior to specific a pp licat ions of (megs 
analysis techniques by the various dtaetoltoet. This oixii 
processing is required of tar the imogs for mot ion phase tor 
the purpose of providing a brood user community with digital 
imoges more easily applied to, and integrated with, existing 
imogs processing capabilities. A third abjective is to define 
and specify a hardware/ software focility that could feasibly 
handto SAR data from follow-on £R-A flints. 

The experiment design should include de v el op i ng algori- 
thms to provide proposed preprocessing needs and evaluate 
those algorithms on examples of digital SAR in@9M present- 
ly available. These algorithms should be initially designed 
for implementation an an available computer facility, 
consistent with a definite design goal of im pl emen tation on 
the mast effective processing facilities achievable to the 
SIR timeline. Multiple parallel processors and other "super 
machines" should be con sid er e d. After de v e lopm ent of a set 
of pixel processing algorithms, a special dedicate d h ar d war e 
facility should be specified for impl e ment at ion to accom- 
pany aid support SIR flights. 

This effort add res s es the development and evaluation of 
a set of algorithms. These algorithms should be d evelo p ed 
independently so that they may be independently invoked, 
since not all applications/ scenes would require oil preproces- 
sing corrections to obtain a suitable image. The algorithms 
are* 

imoge Rectification: This algorithm should seek to 

compensate for misalignment of the antenna with Ihe ground 
track for SAR imogery. 

Geometric Correction: This algorithm should compen- 
sate for geometric distortions introduced from producing a 
two dimensional representation from a three dimensional 
abject. If these distortions can be removed, the SAR image 
will have each pixel at o correct ground plane location. This 
image could then be utilized with map products and a 
universal coordinate system such as UTM. 

Imoge registration s This algorithm would allow two 
imoges of the same ground path to be registered with one 
another. The images both might be SAR imoges for 
correlative studies, or one imoge might be some visual or 
infrared image. Digital resolutions and spatial resolutions 
must be handled within this algorithm. 

Rodiometric Corrections: This class of algorithms should 
address the issue of variations in bockscatter amplitude 
and/or power due to radar effects alone. These algorithms 
should produce an image with gray level variations that 
represent subject imoge variations alone and knowledge of 
radar parameters could then be ignored for image interpre- 
tation. 

Calibration: This algorithm should seek to calibrate 
from known target reflector data the imoge gray level 
response. 

Topographic Compensation: As topographic data are 

known, this algorithm should compensate for the non- 
uniform bockscatter response inherent in topographic imag- 
ing. 

Angie of Incidence: Removal of gray level dependenc e 
on angle of Incidence Is the goal of this algorithm. Removal 
oi this rodiometric distortion allows treating multiple 
imoges alike and acquiring a consistent radar signature. 

Additional algorithms should be developed to facilitate 
the correlation of SAR images with maps and other remotely 
sensed data. 

The evaluation efforts must focus on proving these 
algorithms on existing digital SAR imagery whenever possi- 
ble. Geometric correction evaluation and registration 
evaluation should be mode based on ground-truth maps at 
severol selected scenes. The evaluation should quantify 
misregistration with base mops and justify the measured 
geometric error. 

Radiometric correction evaluation should include image 
evaluation of several scenes that show variations known to 
correlate with groirid -truth oata independent of radar 
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parameters which influence Image gray level. 

This research subtask should be completed in a two year 
span. This schedule should be synchronized with the SIR 
pro«am. 

This research program requires facilities to produce 
digital Seasat imagery ond available aircraft digital SAR 
images. In order to evaluate the developed algorithms, an 
Imoge processing facility must be available which can 
accommodate Seasat type digit'll images. Several of these 
exist for the development phase. The design goal of a high 
s p eed machine need not be supported at the onset of this 
research program, but could be delayed pending favorable 
evaluations of the proposed products. 

Computer time processing might well be significant in 
the pursuit of this re s e arc h subtask. An estimate is highly 
dependendent on the number of scenes to be evaluated, the 
type of computer utilized and many other factors influenc- 
ing costs of processing. For a schedule of two years to 
completion, a magnitude of 6-10 man years is expected. 

Subtosk Dt Radar Stereo Theory ond Techniques 

The objectives ore to optimize aircraft flight ond orbital 
parameters and to determine system occur ocy requirements 
for radar stereo imaging. The need for stereo data was 
e xpresse d directly by the Geology Panel, and indirectly by 
the other panels in the Applications Group Workshop. The 
geology need is primarily the provision of o visual three- 
dimensional model for interpretation. The other panels 
needs are related to the provision of topography to remove 
slope variations in bockscotter measurements ond to remove 
elevation displacements in cartography when the topography 
data are not a vocable elsewhere. 

Yhe approach is to derive sensitivities and postulate 
parameters by cmolysis, and to verify sensitivities and 
quantify parameters by flight test with airborne ond 
spacebar ne systems. The data will be interpreted by 
scientific personnel to select optimum parameters. 

The expected results will be the provision of hardware 
design dato ond orbit selection appropriate to stereo data 
collection for future operational systems. 

The approoch provides ,..er action between system de- 
signers and scientists so that on economical balance between 
system complexity, data acquisition costs, and dato utility 
can be obtained in on operational system. The analysis is 
required to guide the test planning and evaluation. Airborne 
tests are required to provide a wide variety of aspect ongles 
ond, thus, stereo parameters. Satellite tests are required to 
assess the effect of relatively constant stereo parameters 
over the swath. 

It is possible in principle to form a stereo model by 
viewing images mode from any two significantly different 
flight paths. Post experience has shown that the psychophy- 
sical processes involved will permit reliable formation of a 
stereo model only when the two flight paths are substantial- 
ly parallel and on the same side of the area being viewed. 
Otherwise, differences in shadowing and terrain illumination 
make fusion (psychophysical model formation) difficult or 
impossible. It is known that the vertical exaggeration of the 
model seen and the sensitivity of the process increases with 
increasing incident angle differences (convergence ongles), 
at least up fa thirty degrees or so. The sensitivity to lock of 
parallelism and the maximum or optimum convergence 
angles are not know.i, nor is the dependence of these 
maxima or optima on average incident angles. One 
objective is to explore these angular variables for optimum 
inter pretability. 

Because the psychophysical phenomenon involved is very 
sensitive to image geometry changes due to elevation 
displacement, it is also very sensitive to image geometry 
changes due to system imperfections. The sensitivity to 
such imperfections is known qualitatively, but analysis and 
psychophysical testing must be done to quantify the effects 
and derive end-to-end system gecxnetrie fidelity specifica- 
tions appropriate for stereo interpretation. Some modifica- 


tions to test systems may be required to ovoid masking 
fundamental sensitivity measurements. 

In general, the o cc uro c y of c a r t o g rap hic measurements 
made using the anogiyphic (psychophysical fusion) technique 
will be derived automatically os part of the p r ev i ou s 
process, and when a very dense sample spacing is required 
all of the restrictions and results will be applicable. 
H owev e r, statistical data hove not been g ath er e d to relate 
the horizontal and vertical accuracy of such measurements 
to system parameters and accuracies. An objective will be 
to obtain such data. Furthermore, when locations of only o 
few identifiable isolated points are required, p sy chop hy sical 
fusion is not required, and measurements may be mode by 
scaling the imagery and computing point positions by 
triioteration. This is known as analytic stereo measurement. 
Since fusion is not required, imagery obtained from any two 
flight lirws moy be used provided the flight lines and other 
imaging parameters are known accurately. A further 
abjective will be to derive analytic measurement occurocy 
as a function of imaging parameters, flight line or ephemeris 
occurocy, system occurocy and occurocy of calibration 
techniques. 

Experimental data should First be collected by an 
airborne SAR of appropriate characteristics over selected 
test sites of geologic interest. At least two test sites should 
be selected, one of low (but not zero) relief and one of high 
relief. Ten to fifteen panes having (Efferent offsets and 
headings should be mode. The resulting imoge dato should 
then be subjected to geologic analysis using a forced pair 
comparison human foe tors test with five to ten subjects. 
The results would be analyzed to extract maxima and 
optima. 

For the position measurement task, accurate aircraft 
position measurements should be made using precise posi- 
tioning equipment. Otherwise aircraft flight lines will have 
to be determined from resection techniques which is tedious 
ond of limited accuracy. These data would then be used 
both in same-side ond opposite-side measurements to derive 
cartographic accuracy data for point position measurements. 

The primary satellite data are expected to be supplied by 
the variable and selectoble angle SIR flights in the 1983 
time frame. The same geologic sites imaged earlier in the 
oircraft flights should be covered, ond a similar data 
analysis procedure followed. Both collection ond analysis 
can be somewhat abbreviated becouse the objectives ore 
fewer; because satellite orbital parameters are expected to 
be much more stable; and because fewer variations in look 
angle will be available. Some limited dato confirming 
feasibility has been obtained from Seasat imagery. How- 
ever, data from two or three depression angles and three 
incident angles, two same-side and one opposite-side, should 
be collected. These data should be subjected to engineering 
analyses ond limited psychophysical tests to confirm the 
results obtained earlier, both for image interpretation and 
point position measurement. 

The required activities are: (I) analysis, to derive 

sensitivities ond system occurocy requirements; (2) experi- 
ment design, to define flight lines and parameter variation 
and dato analysis requirements; (3) aircraft equipment 
modification, to provide required geometric accuracy; (4) 
aircraft data acquisition over specified test areas,’ (5) 
aircraft data onolysis, to derive optima, maxima, and 
measurement accuracies; (6) satellite data analysis, to 
assess advantage of stable operation ond uniform incident 
angles; and (7) derivation of design data for future systems. 

The oircraft tests ond studies will supply basic general 
design dato for future systems and specific experiment 
design data for the 1983 Shuttle reflights. The Shuttle flight 
dato should be used to validate ond refine the design dato 
derived in the aircraft tests for future operational or test 
system design. 

Use of an appropriate airborne system will be required, 
along with signal processing equipment, a stereo compara- 
tor. and precision image mensuration equipment. Ongoing 
satellite programs such as SIR reflights should be tasked to 
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collect supporting data. Ground data reduction would be 
common to satellite and aircraft data. 

A 3-k mon-year will be required over a 3-year period 
exclusive of aircraft and satellite operation and radar signal 
processing (image formation and dissemination). 


Sutotask E> Azimuth angular dependence of radar boefcseot- 
Ter 

Much has been stated about the need to calibrate octive 
microwave sensors, but little consideration has been given to 
the complex angular dependence of the backscatter cf 
diverse targets, with the notable exception of the incident 
angle. It has recently been demonstrated that there is a 
pronounced azimuth angle bock scat ter dependence for cert- 
ain classes of targets (predominantly agricultural and urban) 
which, if not identified os such, may lead to grass errors in 
data analysis. It can be reasonably surmised that at least in 
these cases there may also be a third angular dependence 
which will favor, for instance, HH versus W polarizations. 

It is proposed to use existing scatterometer, spectro- 
meter, aircraft and spaceborne data, as well as a limited 
number of new aircraft flights to evaluate the pervasive- 
ness of dota contaminated by this effect. In addition, 
detection schemes that would allow either decalibration or 
expurgation of such contaminated data will be developed. 

This study is an important companion to the calibration 
study since a highly calibrated radar is useless unless the full 
extent of a target's angular signature is understood. 

There is o large inventory of existing aircraft imagery 
which is immediately capable of yielding data on the extent 
of at least the azimuth dependence on radar boekscatter. 
Utilization of this data base is a cost-effective approach 
toward dealing with the problem. In addition, other existing 
data sets are readily available which were generated by 
airborne scat ter ometers and truck-mounted systems. Subse- 
quently, controlled experiments will undoubtedly be re- 
quired. 

Initially, it is necessary to ascertain the prevalence of 
the azimuth effect to see whether substantial study is 
warranted. Secondly, it is necessary to develop on under- 
standing of the couse of the azimuth effect, ond to 
determine whether a third angular effect (which will 
probably translate into a favored linear polarization) also 
exists. Finally, techniques are required that will permit 
"blind detection" of dota contaminated by these effects and 
either for decalibration (i* possible) or expurgation of the 
dota. 

The required activities include! 

1. Recorrelate a reasonable amount of aircraft data in 
an attempt to ascertain the pervasiveness of the azimuth 
angle effect. Review the literature for indications of the 
effect as a function of frequency and polarization. Review 
University of Kansas and JSC data for indications of the 
effect. 

2. Using various active microwave sensor dota (predom- 
inantly airborne), accompanied by ground-truth, theoretical 
analysis, and r omputer simulation, develop an understanding 
o! the causes of effect, ond its frequency ond polariza- 
tion dependence. 

3. Study techniques for "blind detection" of the effect. 
For example, a pronounced systematic change in apparent 
boekscatter across several azimuth "looks" would indicate 
the presence of an anomaly. 

From 2 above, the theoretical ond experiinental data 
should facilitate the generation of techniques that will allow 
compensating for the effect or, if impossible, for deleting 
the contaminated data from the data set. 

From the previous three tasks, assess the residual 
uncertainties after decalibration and the impact of the 
uncertainties on the interpretation of the imagery. 

This subtask will require a 1-2 man-year per year effort 
over 3 years, plus the cost of data acquisition. 


TASK Advanced Rodor Systems 

This development tasks includes three tubtotku 

A. Development of high capacity, efficient SAR proces- 
sor system. 

B. Squint-mode multi-beam SAR and SAW/CCT technol- 
ogy study. 

C. 8istatic radar investigation. 

Subtosk At De v e lopm ent of Ngh capacity, efficient SAR 
processing systems 

Radar data processing to reduce SAR echo data into 
usable Image format is a major bottleneck In radar utiliza- 
tion at the current time. To develop means for efficient 
imoge formation is one major technological objective to 
facilitate radar remote sensing application studies. This 
subtask summarizes o plan to develop a data processing 
system to meet application needs of SAR imagery, as well as 
to support certain specific radar remote sensing experiments 
which requires data processing. The technical approoch to 
be taken in this subtask consists of (I) form an extremely 
flexible general purpose SAR processing facility to meet 
near term (1980-1983) SAR experiment needs* (2) conduct 
studies into midterm ( 1 984- 1 984) SAR processing require- 
ments, and investigate approaches to meet such needs* and 
(3) develop o more capable SAR processing system to 
support midterm earth resource oriented SAR application 
studies. 

The end product of this subtask would be a SAR data 
processing facility which consists of a flexible general 
purpose SAR data process*'' i ond image manipulation sys- 
tem, and a more specific Ngh througf^ut, Ngh quotity SAR 
processor. The system knowledge and experience on SAR 
image formation obtained by conducting this effort also 
provides much needed technical information in the planning 
and implementation of potential SAR missions in the late 
1 980’s time frame. 

Existing SAR data processing methods which include 
optical and digital means are characterized by a limited 
controllability of the output imoge quality or a limited 
throughput rate, A very flexible Ngh quality imoge forma- 
tion system is currently needed to support several near-term 
SAR aircraft experiments where pixel, polarization, and 
phase information are required. To meet a growing demand 
of SAR imagery to support various anticipated earth 
research tasks which involve dota collected at various 
frequency bonds and polarizations at various sensor eleva- 
tions (aircraft to Shuttle), more capable SAR processing 
systems will be required, A phased effort through o 
definition study end a system implementation would provide 
such a facility to meet the SAR image formation require- 
ments in mid- 1 980 time frame. 

The technical objective of this effort is to develop means 
to meet SAR image formation needs in the early ISWs. A 
four-yew plan is formulated which consists of the following 
three major activities! 

I. Development of an extremely flexible general 
purpose SAR processing facility to meet new-term (1980- 
1983) SAR experiment needs. This flexible facility would be 
oble to process both spacecraft (Seasat) and aircraft SAR 
data to vwious controlled quality and to be able to retain 
various relevant information such as pixel phase and 
precision registered pixels of different rodw frequencies ond 
polarizations. This facility would allow investigatws to 
experiment with SAH imagery parameters, e.q., number of 
looks and resolution, and to investigate advanced SAR 
re, note sensing concepts, e.g., SAR for pixel elevation 
determination, advanced SAR, target polarization effects, 
etc. The facility would be based on the existing JPL Interim 
Digital Processor and its modification. It might cwuist of a 
general purpose minicomputer aurynented by programmable 
array processors and different display and output peripheral 
devices. Software developed for this general purpose 
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facility would also be useful for various simulation and 
research purposes for radar system technology development. 
The application of this digitol software-based p ro ces s or Is to 
support various specific and detailed application studies. Its 
throughput can be limited. The task of processing data in 
bulk volume remains the function of the optical processing 
system. Means to improve the performance of the optical 
processor will also be investigated and implemented to meet 
the bulk data processing needs. A real time onboard SAR 
processor moy also be developed to facilitate aircraft SAR 
data acquisition. 

2. Definition of SAR processing needs in mid- 1 9804 to 
support various earth resource application investigations 
proposed in the 1984 to 1985 time frame. The anticipated 
radar experiments in this time frame may include systems 
such as conventional SAR, and burst mode SAR, odvanced 
SAR, multiple-beam SAR, forward or backward looking SAR, 
radar sounders, etc. Furthermore, they may operate at 
different frequencies and polarization in a simultaneous 
manner. Research in this subtask thus consists of efficient 
processing means for various radar configurations, identifi- 
cation of candidate equipment for data processing, and 
developing utility software or common hardware module 
concepts and end-to-end data processing requirements. 

3. Development of a high throughput ond high quality 
SAR processor aimed ot producing SAR imagery at a very 
fast turn around time and reody to be analyzed quantita- 
tively to facilitate application studies (where ground -truth 
of interest may be collected in o timely fashion) as well os 
the verification of sensor operation and data acquisition 
during flight. 

Besides the laborotory-based SAR data processing facili- 
ty, this subtask implies the development of o SAR data 
acquisition system that may feature multiple channel digital 
dato recording equipment funded as part of other rodor 
flight experiments. Processing system upgrade ond develop- 
ment will be based on existing equipment. Hardware 
augmentation ond development of new hardware will be 
anticipated. 

This subtask will require |0 man-year per year effort 
over 3 years, plus a substantial investment in computer 
facilities. Overall cost is estimated ot $3.5M, 

Sub task B; Squint-mode multi-bean SAR ond SAW/CCO 

Synthetic aperture radar systems are complex, expensive 
to design and deploy, and produce a tremendous volume of 
data. In order to place such systems into service in support 
of earth resources applications programs on an operational 
basis, a substantial engineering effort will be required. It is 
important that the engineering effort concentrate on the 
SAR system as a whole, rather than dividing the problem 
between the various subsystems. An integrated approach is 
to optimize overall performance, and at the same time 
assure that the system be economical to deploy and operate. 

A fundamental approach should be adopted in developing 
new technology for spacebar ue systems. New concepts ond 
new configurations should be explored that will allow 
systems to evolve that are specifically tailored to earth 
resources applications. Conventional side-looking systems, 
which represent a technology that grew out of military 
surveillance requirements, do not necessarily represent the 
best ctpprooch for earth resources mapping. 

The squint mode multiple beam concept has been put 
forth as a superior alternative to conventional SAR systems 
for earth resources applications. The concept offers the 
advantages of constant incident angle imaging, reduced 
transmitter power, relaxed ambiguity constraints, and 
potentially, simplified image formation processing. Image 
formation processing lor the multiple beam configuration 
can take advantage of the fact that the system imaging 
geometry more closely conforms to the natural range- 
Doppler coordinates of the SAR. Some device technology 
development will he necessary to fully capitalize on these 


features. 

Device t ec hno lo gy de v e lo pment areas Includ e sur face 
acoustic wove (SAW) and charge couples devices (CCD), In 
addition to the efforts being put forth In digital processing 
c o mp onents. The advantages of the analog (SAW) and 
sampled analog (CCD) technologies, in terms of small size, 
low power, and real time compatibil'ty, have not yet been 
exploited to the full extent. One problem has been a 
difficulty of providing the flexibility and adaptability often 
required for side-looking systems. The multiple beam 
processor is more amenable to implementation by these 
typei of devices. 

There is need for a comprehensive research program 
aimed at developing the new technology that will allow SAR 
systems for earth resources applications to be available 
when they are needed. 

The objective is to develop new SAR concepts and 
technology with emphasis on o total system a ppro ac h. The 
impact of image formation processing on the system should 
be a major, integral component of the system development. 

The justification for a concerted effort in SAR technol- 
ogy development to be started now is that such develop- 
ments typically take a long time to accomplish. Such a 
program will assure that system requirements will Influence 
device technology development and help to avoid the 
situation in which device ond implementation technique 
drive the system design. 

The required activities include: 

1. Study image formation processing techniques for the 
squint mode multiple beam SAR configuration. Relate the 
multiple beam approach to the conventional SAR processor 
to identify areas of commonality and points of unique 
odvontoges for each, 

2. Implement or simulate, either via computer or 
acoustic onolog, odvanced processor concepts identified 
above for experimental verification and evaluation against 
conventional processing systems. 

3. Design and fabricate on onboard processing system to 
be integrated with the Advanced SAR (ASAR) system for 
operational variation. 

4. Evaluate the ASAR processor against spoceborne 
system design requirements. 

This sub task will require a 3-5 man year per year effort 
over 4 years. 

Subtosk C: Bistctic rodor investigation 

The objectives of this subtask are to determine potential 
utility of oblique scattering angle (bistatic-rodar) geomet- 
ries to earth re_ <urces applications, especially with respect 
to previously unstudied areas of agriculture) hydrology 
(water, ice, and snow); and land cover, and to refine results 
with respect to geology. 

The approach is to conduct an analytical and conceptual 
study of problem areas based on current technical literature 
in rodor scatter, including both theoretical ond experimental 
results, to be followed as appropriate by experimental 
determination of oblique scatter radar signature with re- 
spect to parameters of first order importance. 

The expected results we: 

1. Report detailing findings of analytical and experi- 
mental study, with emphasis on experimentally determined 
variable geometry scattering signatures, and comparison 
with backscatter results. 

2. Possible recommendations for future sensor develop- 
ment, either as new system or in connection with SAR 
development. 

Most active microwave sensing programs to date have 
concentrated on the use of radar backscatter os the 
diagnostic parameter. It is well known that radar bockscatt- 
er is primarily controlled by a combination of target 
material and shape, ond that in general these parameters are 
not separable in the backscattering cose. However, for 
many types of surfaces the material factors, as expressed in 
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surface permittivity, and the intermediate scale roughness, 
horizontal scales greater than IO-IOOX, vertical scales 
on the order of the wavelength, can be separated based on 
the use of variable experimental geometry or observations 
over o range of geometries. 

This increased separability of parameters through obser- 
vations aver a range of scattering angles is well known and 
documented in the theoretical and experimental literature 
of electromagnetic scatter. 

The separability of these factors may be useful in certain 
areas of remote sensing. As examples, sail moisture 
content, snow depth, and the height of uniform areas of 
vegetation might be estimated based on the reflection 
Coefficient of the surface observed in quosi-specular scatt- 
er. 

The poorly understood variability of radar images with 
the aspect angle of the viewing suggests that there may be 
other fundamental advantages to oblique scattering angle 
geometries. This problem needs study to determine the 
observational utility of oblique scattering angle geometries 
with "egard to remote seating problems. 

If he results of such a study were favorable to further 
development for space flight, the geometries needed could 
be obtained from a dud satellite system, possibly making 
use of geostationary satellites as a terminus of the radar 
path. Either SAR or real aperture techniques might be 
appropriate. 

The required activities ares 

1. Study utility of oblique scattering angle geometries 
to define important parameters and possible advantages of 
oblique scattering angle geometries. 

2. Development of real aperture oblique scattering 
angle radar crass section test range. 

3. Study oblique scattering angle geometries and experi- 
mentally verify model/analytical results to determine obli- 
que geometry scattering signatures. 

This subtask will require a 7-10 man-year effort over a 4 
year period, plus the cost nf the test focility. 


SUMMARY 

The technology tasks are necessarily dynamic because of 


the rapid developments in the applications r ese a r ch a r ea*. 
Consequently, the objectives and priorities must be reevalu- 
ated on a regular basis to assure that the sensor s y ste ms and 
data processing facilities are available to support the needs 
of the research program. In oddltion, new techn olo gy 
developments evolve in response to co mp onen t and motor ids 
research development, therefore, NASA should bo prepared 
to respond accordingly. 

A problem of criticd concern In this area is the 
heretofore uncoordinated expenditures on technology devel- 
opment within NASA. This report stresses the urgent need 
to upgrade existing ground-based and aircraft data acquisi- 
tion systems to support basic research. The total funds 
devoted to this effort over the lost severd years has been 
insignificant co m par e d to the commitment tc the Seaeat 
SAR, SIR-A, and Advanced SAR (ASAR), for example. Yet, 
without support for the bade research effort, it is extremely 
difficult to justify these expensive SAR systems or to 
intelligently define future spacebar ne SAR systems. 


CONCLUSION 

The ERSAR Program Definition Working Group struc- 
tured a research program which a ddre sse s the research 
needs identi tied by the ERSAR Application Working Group in 
four discipline areas. This report also specifies the tasks 
required to bring the technology, i.e. sensor systems, to a 
stage adequate to support the recommende d research pro- 
gram. This program plan is a first-stage definition of the 
tasks which must be accomplished to establish the mea- 
surement capabilities of active microwave remote sensors 
fur earth resources survey applications. The plan will 
require periodic updating, and the addition of detdied 
implementation plans. However, the program defined in this 
report provides an excellent base for a strong research 
effort in this important sensing techniques area. 

The Applications Workshop, November 7-9, 1979, and the 
Program Definition Workshop, January 23-25, 1980, com- 
plete the first phase of the ERSAR Committee activities. 
The results of these workshops will used by the Steering 
Committee to structure on overall program plan to guide the 
development of this research area. 


★ ★ ★ 
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working group 


APPENDIX 


ERSAR PROGRAM DEFINITION WORKSHOP 

Pasadena, California 
January 23-25. 1980 


AGENDA 


January 23 


January 2A 


Registration 

ERSAR Committee Structure and Objectives 
I. Rasool, NASA Headquarters 

Workshop Format and Objectives - 
Jack Estes. University of California 
Pitt Thome, NASA Headquarters 

Workshop Organization and Logistics - 
Jay Harnage, NASA/Johnson Space Center 
Sue Sims, University of Missouri 

Summary of NASA Microwave Remote 

Sensing Project - 

James Taranik, NASA Headquarters 


SIR-A Program - 

Charles Elachi, Jet Propulsion Laboratory 
Pane) Sessions 


Panel Reports on Research Needs - 
Keith Carver, Session Chairman 
Geology - Stephen Saunders 

Jet Propulsion Laboratory 
Agriculture - Robert MacDonald 

Johnson Space Center 
Land Cover - John Jensen 

University of Georgia 


Summary of ERSAR Applications Workshop - 
Tony Lewis, Oregon State University 


SEASAT Data - 

Frank Barath, Jet Propulsion Laboratory 

Status Report on Aircraft Radar Systems 
Dick Fenner, Johnson Space Center 

Status Report on Ground-Based Radar 
Systems - 

Walt Brown, Jet Propulsion Laboratroy 


Panel Reports - continued 
Water, Ice, G Snow - Albert Rango 

Goddard Space Flight 
Center 

Technology - Frank Barath 

Jet Propulsion Laboratory 

Panel Sessions and Steering Committee 
Dinner Break 
Panel Sessions 


January 25 


Panel Organization - 

Keith Carver, New Mexico State University 

Panel Sessions 

Social Hour 

Dinner Break 

Pans? I Sessions 


Panel Reports - S. Rasool, Session Chairman 
Geology - Stephen Saunders 
Agriculture - Robert MacDonald 


Panel Reports - continued 
Land Cover - John Jensen 
Water, Ice, G Snow - Albert Rango 
Technology - Frank Barath 

Summary - S . Rasool 
Adjourn Workshop 
Steering Committee Meeting 
Adjourn Steering Committee Meeting 
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